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WATER  METERS. 

COMPARATIVE  TESTS  OF  ACCURACY,  DELIVERY,  ETC.— DISTINCTIVE  FEATURES 
OF  THE  WORTHINGTON,  KENNEDY,  SIEMENS  AND  HESSE  METERS. 

Bt  ROSS  E.  BROWNE.  Mem.  Tech.  Soc 
From  Transactions  of  the  Technical  Society  of  the  Pacific  Coast. 


With  the  purpose  of  employing  a  meter 
for  the  measurement  of  water,  in  connec- 
tion with  some  hydraulic  experiments 
conducted  at  the  University  of  California, 
the  writer  instituted  a  series  of  tests  of  a 
meter  invented  by  Prof.  F.  G.  Hesse. 
The  accuracy,  at  various  rates  of  delivery, 
was  carefully  determined.  The  results  of 
these  experiments,  properly  tabulated, 
furnish  a  correction  for  the  indicated  de- 
livery. It  is  believed  that,  where  the 
flow  is  uniform,  the  possible  error  in  the 
corrected  index  reading  may  be  safely 
placed  at  J  per  cent. 

The  meter  is  of  the  class  known  as  ve- 
locity or  inferential  meters,  and  is  so  per- 
manent in  its  sources  of  error,  as  to  make 
it  peculiarly  adapted  to  the  purpose 
named. 

These  experiments  led  to  comparative 
tests  of  the  Worthington  meter.  Reli- 
able information  was  also  sought  concern- 
ing other  meters  in  common  use.  It  is 
thought  that  sufficient  of  interest  was 
developed  to  warrant  this  paper,  particu- 
larly as,  in  the  course  of  this  investiga- 
tion, it  was  noted :  that  no  great  amount 
of  accurate  and  systematic  information 
upon  this  subject  is  to  be  found  in  the 
available  files  of  our  engineering  and  sci- ; 
entific  journals  ;  that  the  several  reports  ' 
Vol.  XXXIIL—  No.  1—1 


consulted,  of  engineers  and  superintend- 
ents of  water  works,  while  well  answering 
their  immediate  purposes,  do  not  furnish 
facts  in  sufficient  detail  to  guide  the  in- 
dependent judgment  of  one  not  familiar 
with  the  construction  of  the  meters  in 
competition ;  that  very  few  of  the  circu- 
lars of  the  American  manufacturing  com- 
panies supply  such  data  as  will  answer 
for  comprehensive  comparison.* 

It  will  be  attempted  to  bring  forward, 
as  fairly  as  may  be,  the  distinctive  feat- 
ures of  two  of  the  principal  forms  of  Pis- 
ton   meter — the   Worthington   and    the 
Kennedy, — and   three  forms  of  velocity 
meter — the  Siemens  of  English  manufac- 
ture, the  Siemens  of  German  manufacture, 
and  the  Hesse  meter  already  mentioned. 
The  Worthington  is  widely  known  in 
the  United  States.     The  Kennedy  is  one 
of  the  most  perfect  of  the  meters  used  in 
England.     The  two  Siemens  meters  are 
probably  the  most  extensively  employed 
in  Europe.     The  Hesse  meter  has  been 
but  recently  perfected,  and  not  yet  intro- 
duced.    If  undue  prominence  has  been 
given  to  the  last  named  meter,  the  inter - 

*  The  circular  of  the  National  Meter  Co.  of  New 
York  is  exceptionally  complete,  though  there  is  miss- 
ing some  of  the  data  necessary  to  warrant  the  inclu- 
sion of  their  rotary  Crown  Meter  in  the  list  of  meters 
discussed. 
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est  of  the  writer  in  his  special  investiga- 
tion must  plead  as  excuse. 

It  is  to  be  regretted  that  this  list  can- 
not be  made  more  comprehensive  by  add- 
ing an  example  of  the  rotary  piston  form, 
such  as  the  Crown.  It  will  be  understood 
that,  in  speaking  of  the  piston  meter, 
special  reference  is  only  intended  to  the 
Worthington  and  the  Kennedy. 

These  meters  will  be  considered  in  the 
main  with  reference  to  their  adaptability 
to  house  use,  or  use  in  the  sale  by  volume 
of  water  under  pressure. 

This  being  the  purpose  of  a  meter,  it 
should  fulfill  the  following  conditions : 

1st.  It  should  register  with  a  suitable 
degree  of  accuracy,  the  quantity  of  water 
delivered  at  every  rate  of  flow,  from  that 
of  the  maximum  capacity  of  the  service 
pipe,  to  a  rate  so  small  as  to  discourage 
theft.  The  admissible  error  is  variously 
placed  at  from  2  to  5  per  cent. 

2d.  This  degree  of  accuracy  should  be 
reasonably  permanent,  i.  e.,  the  meter 
should  not  be  subject  to  any  change, 
seriously  affecting  its  accuracy,  by  wear, 
by  slight  deposition  of  sediment,  etc. 
Sudden  opening  and  closing  of  the  house 
faucets  should  not  induce  any  consider- 
able error  of  registry. 

3d.  The  introduction  of  the  meter 
should  not  materially  affect  the  delivery 
of  the  service  pipe ;  i.  e.,  should  cause  no 
serious  loss  of  effective  head  or  pressure. 
4th.  The  price  should  be  small  and  the 
necessary  repairs  inexpensive. 

Notwithstanding  the  demand  and  the 
effort  made  by  inventors  to  meet  these 
desiderata,  such  n  arked  success  has  not 
been  attained  as  to  make  it  a  universal 
custom  to  sell  water  by  the  volume. 

In  the  systems  of  city  supply,  there  re- 
sult decided  advantages  from  the  employ- 
ment of  the  meter.  Reckless  waste  is 
checked  and  the  consumer  is  not  charged 
for  his  neighbors'  extravagance.  A  num- 
ber of  comprehensive  articles  have  been 
published  upon  this  subject,  and  a  few 
points  only  will  be  reiterated. 

It  is  claimed  that  nearly  one-half  of  the 
water  consumed  in  our  cities  is  uselessly 
wasted.  It  is  doubtful  if  this  lavish  con- 
sumption is  on  the  whole  a  sanitary  bene- 
fit, the  waste  being  in  large  part  the  re- 
sult either  of  leakage  or  of  willful  negli- 
gence, and  not  of  a  character  to  effect  any 
proper  flushing  of  closets  and  sewers.  By 
placing  meters  near  the  point  where  the 


service  pipes  enter  the  premises,  and  thus 
making  the  consumers  responsible  for  such 
negligence,  and  for  defective  plumbing,  a 
wiser  use  of  water  is  effected.  In  order 
to  prevent  the  penurious  consumer  from 
pursuing  an  economy  so  stringent  as  to 
result  in  certain  sanitary  evils,  it  is  rec- 
ommended that  a  minimum  quantity  of 
say  10  or  20  gallons  per  capita  per  diem  be 
established,  and  the  consumer  charged 
for  this  whether  he  use  it  or  not.  The 
water  department  of  Providence,  R.  I., 
makes  a  minimum  charge  of  $10  per  year 
(equivalent  to  about  100  gallons  per  diem) 
for  each  meter  service.  Meters  were  pro- 
vided, in  Providence,  for  about  one-half 
the  total  number  of  services,  and  a  decided 
economy  effected.  The  daily  consump- 
tion at  present  is  about  350  gallons  per 
service,  or  25  to  30  per  capita — less  than 
one-half  the  average  in  American  cities. 

When  the  water  supply  of  a  city,  em- 
ploying few  meters,  becomes  inadequate 
to  meet  the  demands  of  the  consumers, 
two  propositions  may  be  entertained :  the 
increasing  of  the  capacity  of  its  water 
works,  and  the  introduction  of  meters.  Jt 
is  maintained  that  inmost  cases  the  latter 
proposition  is  by  far  the  more  economi- 
cal. As  the  city  grows,  it  will,  from  time 
to  time,  become  necessary  to  increase  the 
supply;  but  it  is  thought  much  cheap- 
er to  keep  the  meters  in  repair  and  main- 
tain water  works  of  double  the  capacity 
sufficient  without  meters. 

It  seems  inevitable  that  the  meter  system 
should  rapidly  grow  in  favor  with  im- 
provement of  the  present  forms  of  meter. 
In  a  few  cities  their  use  is  already  exten- 
sive. In  London*  nearly  40  per  cent,  of 
the  houses  supplied  by  the  various  water 
companies  are  now  provided  with  meters. 
In  New  York  and  Boston,  meters  have 
been  introduced  into  from  5  to  10  per 
cent,  of  the  services.  In  Providence,  R. 
I.,  50  per  cent.  In  San  Francisco  20  per 
cent.     In  Oakland  3  or  4  per  cent. 

The  Comparison  of  Meters. — A  just 
and  comprehensive  comparison  of  the 
merits  of  competing  meters  will  frequent- 
ly involve  an  extended  investigation.  If, 
for  instance,  the  extent  and  effect  of  wear 
and  rusting  are  difficult  to  estimate,  pro- 
longed trial  may  become  necessary. 

Of  the  more  important  considerations 


*  See  London  Engineer  of  Aug.  1,  1884.  For  detailed 
information  concerning  the  U.  S.  and  Canada,  see  cir- 
cular of  National  Meter  Co.,  N.  Y. 
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in  such  a  comparison,  the  following  are 
enumerated  in  an  order  not  pretending  to 
indicate  relative  importance. 

Delivery  under  various  effective  heads. 

Greatest  advisable  rate  of  delivery. 

Accuracy  of  registration  at  various  rates 
of  delivery. 

Sensitiveness. 

Necessity  and  difficulty  of  special  ad- 
justment. 

Permanence  of  initial  degree  of  accu- 
racy and  sensitiveness. 

Liability  to  obstruction. 

Compactness. 

Price,  both  upon  the  basis  of  delivery 
and  of  greatest  advisable  effective  head. 

Expense  of  repairs,  including  the  con- 
sideration of  the  life  of  the  meter. 

Head  lost  hi  the  meter. — By  head  lost 
is  understood  the  difference  of  the  heads 
in  the  inlet  and  the  outlet  openings.  If 
H  is  the  actual  head  at  the  inlet  and  h 
that  at  the  outlet,  then  the  head  lost  is 
H-A.  The  rate  of  delivery  will  depend 
upon  this  difference  of  heads,  and  not  up- 
on the  actual  magnitude  of  H  and  h. 

In  each  of  the  meters  described,  the 
law  of  loss  of  head  is,  within  a  practical 
limit,  roughly  the  same — the  resistance 
being  mainly  due  to  impact  and  fluid  fric 
tion,  and  therefore  approximately  propor- 
tional to  the  square  of  the  rate  of  delivery. 

This  is  about  the  same  as  the  law  of  loss 
in  a  pipe.  Hence  the  loss  of  head  in  a  me- 
ter is  fittingly  indicated  by  the  length  of 
pipe  of  given  diameter  which  will  cause 
the  same  loss.  Thus  10  feet  of  ^-inch  pipe, 
or  30  feet  of  §  -inch  pipe,  will  occasion 
the  same  loss  as  the  Worthington  |-inch 
or  the  Hesse  ^-inch  meter. 

Effective  head. — By  effective  head  is 
understood  the  actual  head  necessary  to 
force  water  through  the  meter  at  a  given 
rate.  This  is  equal  then  to  the  "head 
lost "  plus  the  velocity  head  in  the  outlet 
pipe,  and  will,  in  the  meters  mentioned, 
be  very  little  greater  than  the  "head 
lost." 

Delivery  of  the  meter. — It  is  customary 
to  designate  the  size  of  a  meter  by  the 
diameter  of  service  pipe  for  which  the  in- 
let and  outlet  openings  are  fitted.  This 
classification  furnishes  no  general  meas- 
ure of  delivery.  When  the  rate  of  de- 
livery is  approximately  the  same  function 
of  the  head  lost,  in  each,  it  is  admissible 
to  adopt  a  unit  and  classify  the  meters 
accordingly. 


The  loss  in  the  delivery  of  a  service 
pipe  occasioned  by  the  introduction  of  a 
Worthington  f "  or  a  Hesse  \"  meter,  is 
easily  calculated. 

Suppose  for  example  the  |-inch  service 
pipe  to  have  a  length  of  100  feet ;  also  5  el- 
bows each  equivalent,  in  loss  of  pressure 
occasioned,  to  5  feet  of  pipe;  also  one 
service  cock,  together  with  minor  obstruc- 
tions equivalent  to  25  feet  of  pipe.  The 
equivalent  length  of  pipe,  of  diameter, 
d=%  inch,  is  ^  =  150  feet  =1800  inches. 
After  introduction  of  meter  Z2  =  (150  +  30) 
X  12=2,160  inches.  Weisbach's  formula 
gives 

wherein  H  will  be  the  effective  head  in 
the  main,  v  the  velocity  in  the  service 
pipe,  and  X  a  coefficient  =.02  for  such 
velocities  as  are  here  involved.  If  v1 
represents  the  velocity  before,  and  v2 
after  the  introduction  of  the  meter 


+  .02x1,800 


d  +  \l.-f   $  +  .02x2,160 


■0.914 


In  other  words,  the  meter  would  occasion, 
in  the  case  given,  a  loss :  in  delivery  of 
service  pipe,  of  about  9$ ;  in  effective 
head  back  of  the  faucet,  of  about  1.00— 
(0.914)2=16$ ;  in  the  kinetic  energy  or 
capacity  for  work,  of  about  1.00  — (0.914)3 
=24$. 

Greatest  Advisable  Mate  of  Delivery. 
— When  a  meter  is  taxed  beyond  a  cer- 
tain point  it  will  be  seriously  damaged. 
A  practical  limit  in  rate  of  delivery  is 
therefore  fixed  upon,  and  this  should 
govern  the  selection.  In  addition  to  this 
limit  in  rate  of  delivery,  the  correspond- 
ing effective  head  should  be  given.  The 
allowable  effective  head  in  the  oscillating 
piston  meters  is  small,  in  the  rotary 
piston  meters  considerably  greater,  in 
the  velocity  meters  very  high.  Where  a 
high  head  is  at  hand,  and  the  capacity  of 
the  service  pipe  is  great,  an  oscillating 
piston  meter  of  large  size  should  be  used, 
whereas  it  is  safe  to  introduce  a  compar- 
atively small  velocity  meter. 

Sensitiveness. — The  rate  of  delivery  nec- 
essary to  cause  motion  of  the  dial  hands, 
or  the  greatest  quantity  per  minute  which 
may  pass  without  causing  registration, 
will  be  taken  as  an  inverse  measure  of  the 
sensitiveness  of  the  meter. 
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The  head  lost  and  accuracy  of  a  meter, 
are  conveniently  illustrated  by  means  of 
curves. 

Curves  of  head  lost  (see  diagram). — 
These  were  obtained  by  plotting  on  suit- 
able scales,  in  a  rectangular  co-ordinate 

WORTHINGTON  METEK,  %  inch,  Scale  J£. 

FiO.  I. 


the  data  is  obtained  for  plotting  a  curve 
which  will  illustrate  the  effect  of  the 
change  in  rate  of  delivery  upon  the  accu- 
racy of  registration.  The  curves  given 
were  obtained  by  plotting  the  rates  of  de- 
livery as  abscissae,  and  the  corresponding 


system,  the  rates  of  delivery  as  abscissae, 
and  the  corresponding  heads  lost  as  or- 
dinates. 

Curves  of  Registry  (see  diagrams). — 
By  recording  the  measurement  of  the  ac- 
tual quantity  delivered,  and  the  reading 
of  the  index,  under  various  rates  of  flow, 


per  cent,  registered  of  the  actual  quantity 
delivered  as  ordinates.  life, I; 

Upon  the  basis  of  the  considerations 
enumerated,  a  comparison  of  the  meters 
selected  has  been  instituted.  A  state- 
ment of  this  comparison  will  be  preceded 
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by  a  detailed  description  of  each  meter 
concerned. 

Piston  Meters. — In  the  piston  meters 
mentioned,  the  oscillating  pistons  dis- 
place a  quantity  of  water   each  stroke. 


The  measure  of  the  quantity  delivered, 
is,  in  the  Worthington  the  number  of 
strokes,  in  the  Kennedy  the  approximate 
distance  traveled  by  the  piston.  The  de- 
gree of  accuracy  for  the  various  rates  of 


= iM — a 
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delivery,  will  depend  in  the  Worthington 
upon  the  differences  in  length  of  stroke, 
the  piston  leakage,  the  action  of  the  valves, 


&c.  In  the  Kennedy  there  is  a  depend- 
ency upon,  but  slight  differences  in  the 
length  of  stroke,  upon  leakage,  etc.  [These 
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and  similar  meters  are  frequently  termed 
volume  or  positive  meters,  in  contradis- 
tinction to  velocity  or  inferential  meters. 


there  is  no  general  difference  in  the  di- 
rectness of  transmission  from  the  meas- 
uring part  to  the  index. 
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Fig.  4q, 
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No  assumption  of  advantage  is  authorized 
by  such  a  distinction.  The  approximate 
volume  is  registered  in  either  case,  and 


Description  of  the  Worthington  Piston 
Meter  (see  Figs.  1,  2,  3,  4a  4b  )— Letters 
of  reference  refer  to  the  same  parts  in  the 
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different  figures.  In  this  meter  two  pis- 
ton plungers  are  closely  fitted  in  parallel 
cylinders.  By  means  of  two  slide  valves, 
the  water  is  admitted  under  pressure  into 
the  chamber  at  one  end  of  each  plunger 
alternatively,  while  connection  is  made 
between  the  chamber  at  the  other  end 
and  the  discharge  pipe.  Thus  the  piston 
in  moving,  displaces  the  volume  escaping 
through  the  discharge  pipe.  The  arrange- 
ment is  such  that  the  strokes  of  the  two 
plungers  alternate,  the  valve  actuated  by 
the  one  admitting  the  pressure  to  the 
other.  The  displacement,  (area  of  piston 
times  length  of  stroke)  multiplied  by  the 
number  of  strokes  will  give  approximately 
the  volume  of  water  delivered.  The  in- 
dexing apparatus  is  arranged  to  move 
the  dial  hands  once  every  fourth  stroke, 
3  such  movements  registering  -^  cubic 
foot  in  the  |-inch  meter. 

The  water  enters  through  opening  A 
into  chamber  B.  In  the  position  of 
plungers  shown,  the  water  then  passes 
through  port  a  (of  valve  C),  channels  b 
and  c  into  chamber  D1.  Plunger  P1  is 
moved  to  the  left,  forcing  the  water  of 
chamber  D2  through  channels  d,  e,  ports 
/and  g  into  outlet  H.  In  the  last  third 
of  the  stroke,  valve  C2  is  shifted  to  the 
left,  establishing  communication  between 
chambers  B  and  E3,  through  port  k  and 
channels  I  and  m — and  at  the  same  time 
connecting  chamber  E1  with  outlet  H 
through  channels  n  and  o  and  port  p. 
Plunger  .P2  is  moved  to  the  right,  shift- 
ing, in  the  last  third  of  its  stroke,  valve 
C1,  and  thus  establishing  communication 
between  chambers  B  and  D2  through  port 
f  and  channels  e  and  d. 

The  pistons  are  brought  to  rest  at  the 
end  of  the  stroke  by  rubber  seatings  S1, 
S2.  m 

Piston  Pj  imparts  a  reciprocating  mo- 
tion to  lever  L,  which,  in  combination  with 
the  movable  pawl  M,  ratchet-wheel  W, 
stationary  pawl  N,  and  index  gear  K, 
causes  the  dial  hand  U  to  register  for 
each  four  plunger  strokes  (single  strokes) 
-^-q  of  a  cubic  foot, 

Fig.  1  is  a  section  through  uv  (see  Figs. 
2  and  3). 

Fig.  2  is  a  section  through  wx  (see  Figs. 
1,  2and4a). 

Fig.  3  is  a  view  from  below  with  base 
plate  ( Fig.  4a )  removed,  showing  the 
walls  of  chamber  R  partly  in  section. 


Fig.  4a  is  a  top  view  of  the  base  plate, 
showing  valves,  ports,  etc. 

Fig.  4b  is  a  plan  of  the  valve  ports, 
channels  and  outlet,  showing  how  channel 
o  passes  under  channel  b,  channel  e  under 
channel  /,  etc. 

Description  of  the  Kennedy  Piston 
Water  Meters*  (see  Figs.  5,  6,  7). — The 
measuring  cylinder  (A)  forms  the  base  of 
the  meter,  and  is  fitted  with  a  piston  (B) 
made  of  vulcanite.  The  piston  is  made 
to  move  perfectly  water-tight  and  almost 
free  from  friction,  by  means  of  a  solid 
cylindrical  ring  (C)  of  pure  "  Para  "  rub- 
ber, which  rolls  between  the  body  of  the 
piston  and  the  internal  surface  of  the 
cylinder.  Each  end  of  the  cylinder  is 
fitted  with  an  india  rubber  seating  (D), 
on  which  the  piston  will  form  a  water- 
tight joint,  if  back  pressure  should  force 
it  to  either  end  of  the  cylinder;  undue 
pressure  is  thus  prevented  from  being 
thrown  on  the  piston  roller. 

The  piston  rod  (E),  after  passing 
through  a  stuffing  box  (F)  in  the  cylinder 
cover  (G),  is  attached  to  a  rack  (H)  which 
gears  into  a  pinion  (K)  fixed  on  the  shaft 
(L).  The  shaft  is  turned  in  reverse  di- 
rections, actuating  the  reversing  and  in- 
dexing gear  (M)  as  the  piston  moves  up 
and  down.  The  rack  is  kept  in  gear  and 
guided  in  a  vertical  line  by  an  anti-fric- 
tion roller,  which  is  carried  on  a  stud 
projecting  from  one  of  the  shaft-bearing 
brackets.  The  cock-key  (P),  which  di- 
rects the  water  alternately  above  and 
below  the  piston,  is  placed  in  the  same 
axial  line  as  the  shaft,  and  is  fitted  with 
a  duplex  lever  (Q),  which  is  actuated  by 
a  weighted  lever  (R)  carried  loosely  on 
the  shaft,  and  caused  to  fall  alternately 
on  each  arm  of  the  duplex  lever.  The 
weighted  lever,  after  reversing  the  key, 
fal]s  on  a  buffer  (S)  faced  with  india  rub- 
ber, which,  yielding  before  it  and  travel- 
ing in  the  same  curve,  gradually  brings  it 
to  rest. 

Fig.  5  is  a  side  section  through  the 
center  shaft,  cock-key,  and  piston. 

Fig.  6  is  a  front  section  of  cock-key  (P) 
and  water  passages  (U,  inlet,  and  Y  outlet). 

Fig.  7  is  a  horizontal  section  through 
line  UV. 

The  meter  is  shown  in  the  position  of 
having    nearly    completed    its    upward 


*  Description  and  figures  are  taken  with  but  slight 
changes  from  the  circular  of  the  Kennedy  Patent  W. 
M.  Co.,  Kilmarnock,  Scotland. 


WATER  METERS. 


9 


stroke.  The  water  enters  at  the  inlet  (U), 
and  is  directed  by  the  cock-key  down  the 
passage  ( W)  to  the  bottom  of  the  cylinder, 
forcing  up  the  piston,  which  presses  the 
water  (which  on  the  previous  down-stroke 
entered  above  the  piston,)  up  through  the 
passage  (X),  passing  behind  passage  (V), 
and  is  directed  by  the  cock- key  into  the 
outlet  passage  (V).  When  the  piston  has 
moved  up  a  little  farther,  the  bob  (weight- 
ed lever  K)  will  pass  its  point  of  unstable 


equilibrium  and  fall  on  the  key  arm  (arm 
of  duplex  lever  Q)  which  it  will  send 
down  until  it  is  stopped  by  the  buffer 
box  (S).  The  key  will  then  be  at  right 
angles  to  its  position  as  shown  in  Fig.  6. 
The  water  will  then  be  directed  from  U 
down  X  into  the  top  of  the  cylinder,  forc- 
ing the  piston  down,  while  the  water  ad- 
mitted below  during  the  last  stroke  is 
forced  up  the  passage  W  and  out  by  the 
outlet  V.     "When  the  piston  has  arrived 
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near  the  bottom  of  the  cylinder,  the  lifter 
will  have  lifted  the  bob  from  the  left  side 
of  the  buffer-box  and  raised  it  to  the  point 
of  unstable  equilibrium ;  from  there  it  will 
have  fallen  on  the  right  hand  key-arm, 
and  have  brought  back  the  cock-key  to 
its  former  position,  ready  to  begin  another 
upward  stroke. 

It  is  unnecessary  to  illustrate  here  the 
method  of  converting  the  reciprocating 
motion  of  the  shaft  (L)  into  the  circular 
motion  (in  one  direction)  of  the  index 
wheels  (M),  and  thus  causing  to  be  regis- 


resistance,  offered  by  the  journals  of  the 
wheel  spindle  and  the  registering  appar- 
atus, cause  important  modifications  of  the 
velocity  of  the  wheel.  The  Hesse  meter 
practically  overcomes  the  objectionable 
influence  of  this  resistance,  but  it  will  be 
shown  that,  even  if  it  could  be  wholly 
avoided,  perfect  accuracy  of  registration 
would  not  thereby  be  effected. 

Description  of  the  "  English  "  Siemens 
Velocity  Water  Meter*  (see  Figs.  8,  9). 
— Of  the  Siemens  system  there  are  two 
important  forms,  the  one  manufactured 


Fig.  8. 


ENGLISH     SIEMENS   METER 
Fi&.  9. 


tered  a  quantity  approximately  propor- 
tional to  the  distance  traveled  by  the  pis- 
ton.* 

Velocity  Meters. — In  the  velocity  me- 
ters of  the  Siemens  system  a  small  wheel 
is  driven  by  the  passing  water,  and  the 
number  of  revolutions  is  the  measure  of 
the   quantity   delivered.     The   frictional 

*  A  ratchet  is  interposed  between  the  pinion  and  the 
registering  gear,  and  the  degree  of  approximation  in 
indicating  the  "  length  of  piston  travel1'  depends  upon 
the  number  of  teeth  in  the  ratchet. 


by  Guest  &  Chrimes  of  Rotherham,  Eng- 
land, and  the  other  by  Siemens  &  Halske 
of  Berlin.  The  former  will  be  termed  the 
"English"  Siemens,  and  the  latter  the 
"  German  "  Siemens. 

It  will  be  seen  from  the  figure  of  the 
English  Siemens  meter,  that  the  water 
passes,  as  indicated  by  the  arrows,  from 
the  inlet  pipe  through  a  funnel,  into  a 


*  Description,  in  the  main,  and  figures  taken  from 
the  circular  of  Guest  &  Chrimes. 
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small  reaction  wheel,  or  Barker's  mill  (H), 
(constituting  the  measuring  drum,)  caus- 
ing it  to  revolve.  The  water  then  passes 
on  to  the  outlet  pipe.  The  motion  im- 
parted to  the  measuring  drum  is  com- 
municated to  the  index,  and  thus  a  quan- 
tity proportional  to  the  number  of  revolu- 
tions of  the  drain,  registered. 

Fig.  8  is  a  perspective  view  of  the  drum 
or  measuring  medium  (H),  showing  the 
adjusting  or  regulating  vanes  a  a  a,  and 
curved  water  wavs  b  b  b. 


for  the  purpose  of  lubricating  and  pro- 
tecting the  dial  wheels  from  the  action  of 
the  water,  etc. 

Description  of  the  "German"  Siemens 
Velocity  Water  Meter*  (see  Figs.  10, 11). 
— This  meter  differs  from  the  "  English  " 
Siemens  in  so  far  as  the  motor  is  con- 
cerned, a  small  pressure  wheel  taking  the 
place  of  the  reaction  wheel. 

The  water  having  entered  the  meter 
through  the  inlet  pipe  U,  passes  through 
the  openings  aaaa,  in  the  brass  casing 


GERMAN      SIEMENS    METER 
Fio.  10.  FiG.IJ, 


Fig.  9  is  a  section  of  the  meter,  filter 
and  unions  complete.  A  is  the  inlet.  C 
and  E  are  filters  for  the  purpose  of  pre- 
venting foreign  substances  from  passing 
into  the  drum  H.  The  motion  of  this 
drum  is  retarded  and  suitably  regulated 
by  the  vanes  a  a  a.  J  is  an  oil- box  for  the 
purpose  of  lubricating  the  spindle  K.  N 
is  the  outlet.  O  is  the  spindle  of  the 
dram,  with  screw  Q  attached  for  the  pur- 
pose of  giving  motion  to  the  wheels  of  I 
the   dial  work  R.     S  S  is  an  oil  chamber  ' 


A,  and  coming  in  contact  with  the  buckets 
bbb  b,  imparts  motion  to  the  wheel.  The 
water  then  escapes  through  openings  c  c, 
and  finally  discharges  into  the  outlet 
pipe  V. 


*  The  figures  are  taken  from  a  valuable  article,  on 
the  subject  of  water  meters,  in  the  German  "  Civilin- 
genieur'1'1  of  the  year  1875,  by  B.  Salbach,  Kcl.  Baurath 
at  Dresden.  At  the  instigation  of  the  City  Council  of 
Dresden,  an  exhaustive  set  of  lests  were  made  of 
twelve  '*  meters  of  the  most  modern  construction  "— 
among  these  the  Kennedy,  the  "  English  "  and  the 
"  German  ,4  Siemens.  Further  reference  will  be  made 
to  this  article. 


HESSE    METER 

VztNCH. 

Fig.  12. 
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The  manner  in  which  the  motion  is  im- 
parted to  the  wheel  is  transmitted  to  the 
index,  is  the  same  as  in  the  ,;  English  " 
Siemens.  In  order  to  keep  out  the  coarse 
sediment,  the  water  is  made  to  pass 
through  a  screen  before  entering  the  me- 
ter. For  the  purpose  of  regulating  the 
velocity  of  the  wheel,  four  small  openings 
e  e  e  e  are  bored  into  casing  A,  in  a  direction 
opposed  to  the  motion  of  the  wheel ;  and 
by  closing  or  enlarging  these,  the  velocity 
of  the  wheel  mav  be  increased  or  reduced. 


conical  tube  h  (Figs.  16,  17),  and  is  finally 
discharged  through  chamber  D  intojthe 
outlet  pipe. 

The  motion  of  the  measuring  wheel  is 
transmitted  to  the  worm  wheel  H  (Figs. 
16.  17).  by  means  of  the  endless  screw  F 
(Fig.  16),  which  is  attached  to  the  upper 
end  of  the  wheel  spindle  G  (Figs.  12, 16). 
This  worm  wheel,  in  revolving,  interrupts 
intermittently  the  direct  flow  of  that  por- 
tion of  the  water  which  passes  through 
chamber  g.     In  the  position  of  the  worm 


Fig.  14, 


The  stationary  ribs  dd  counteract  in 
part  the  tendency  of  the  water  to  rotate. 

Description  of  the  Hesse  Velocity 
Water  Meter  (see  Figs.  12, 13, 14, 15,  16, 
17,  18). — The  water  from  the  inlet  pipe 
enters  channel  A  (Fig.  12),  passes  through 
openings  a  a  (Figs.  12,  13),  and  striking 
the  buckets  bb  (Figs.  12,  13),  imparts 
motion  to  the  measuring  wheel — a  press- 
ure wheel  similar  in  character  to  that  of 
the  "  German  "  Siemens.  The  water  passes 
then  from  the  wheel  chamber  B  into 
chamber  C,  mainly  through  valve  open- 
ing d  (Fig.  12),  and  in  part  through 
chamber  e,  opening  j\  chamber   g,  and 


wheel  shown  in  (Fig.  16),  the  solid  arm 
of  the  wheel  (the  cause  of  this  interrup- 
tion) is  just  passing  the  openings  /and  /?, 
hence  direct  flow  through  these  ojDenings 
is  just  beginning.  During  the  interval  of 
direct  flow  the  action  is  comparable  to 
that  of  the  jet  pump,  causing  the  press- 
ure in  chamber  g  to  fall  below  that  in 
chamber  C.  The  interruption  of  the  di- 
rect flow  causes  the  pressure  to  rise  above 
that  in  chamber  C. 

The  alternating  high  and  low  pressures 
in  chamber  g.  thus  induced  by  the  slow 
rotation  of  the  worm  wheel,  cause  the 
cap    K   of    the   bellows- like  rubber  dia- 
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phragni  E  (Figs.  12, 16, 17)  to  rise  and  fall 
accordingly.  The  number  of  such  pulsa- 
tions or  strokes  is  directly  proportional 
to  the  number  of  rotations  of  the  meas- 
uring wheel.  The  length  of  the  stroke 
is  limited  by  the  heads  of  set  screws  LL 
(Figs.  12,  16,  17). 

This  reciprocating  motion  of  the  cap  K 
is  transmitted  and  converted  into  the 
circular  motion  of  the  gear  wheels  of  the 
index,  through  lever   M,   rock- shaft  N, 


of  water.  There  is  then  so  little 
ure  upon  the  journals  of  the  spindle  G, 
that  the  frictional  resistance  offered  is 
exceedingly  small.  The  worm  wheel  H 
rests  loosely  in  its  bearings,  offering  but 
little  resistance  to  rotation.  Since  in 
38  revolutions  of  the  measuring  wheel, 
but  one  revolution  is  given  to  the  worm 
wheel,  the  work  and  hence  the  effective 
resistance  is  minute.  The  frictional  re- 
sistance  due   to   the    periodic   pressure 


Fio.15.      y 


Fig.  16. 


Fig.  17 


Fig.  18. 


shaft   P,   lever   E,   pawl  S,  and   ratchet 
wheel  T  (Figs.  12,  14,  15). 

The  dial  hands  are  thus  made  to  regis- 
ter a  quantity,  which  is  directly  propor- 
tional to  the  number  of  revolutions  of  the 
measuring  wheel.  The  measuring  wheel 
is  made  of  hard  rubber  of  specific  gravi- 
ty 1.2,  and. with  the  cork  attachment  (TJ*) 
has  the  same  weight  as  an  equal  volume 

*  The  cork  attachment  is  unnecessary,  as  the  weight 
of  the  wheel  in  water  is  sufficiently  small  without  it. 


upon  the  journals  of  the  worm  wheel,  as 
the  arm  passes  opening  /,  was  found  by 
experiment  to  be  very  small. 

When  the  meter  is  delivering  water  at 
rates  above  three  or  four  gallons  per 
minute,  the  valve  J  is  lifted,  but  the  dif- 
ference of  pressures  in  chambers  B  and 
C  is  far  greater  than  that  needed  to  oper- 
ate the  bellows.  When  the  rate  of  de- 
livery is  small,  the  valve  is  seated,  and 
the   entire   quantity  is   forced    through 
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chamber  g,   insuring   the  action   of  the 
bellows. 

The  alternate  rise  and  fall  of  pressure 
in  chamber  g,  furnish  an  abundant  sur- 
plus of  power  to  provide  against  undue 
resistance  in  the  stuffing  box  X  (Fig.  12), 
and  all  differences  due  to  the  character 
of  the  workmanship,  and  to  wear  or  cor- 
rosion of  the  parts  of  the  registering  ap- 
paratus. 

The  measuring  wheel  does  not  supply 
the  power  expended  in  moving  the  regis- 
tering apparatus,  hence  the  unavoidable 
changes  in  the  latter  do  not  affect  the  ac- 
curacy of  the  meter.  This  points  to  the 
distinctive  feature  of  the  Hesse  meter. 

m,  m,  and  7i,  ?i  (Figs.  12,  13)  are  sta- 
tionary libs  provided  for  the  purpose  of  | 
checking  in  part  the  rotation  of  the  water 
in  chamber  B,  and  offering  additional  re-  j 
sistance   to   the   motion    of    the   wheel.  | 
Such  resistance  diminishes  the  detrimen- ! 
tal  influence  of  the   solid   friction,    and 
causes  almost  immediate  stoppage  of  the 
wheel  in  case  the  water  is  suddenly  shut 
off. 

The  meter  tested  is  provided  with  con-  i 
nections  for  J  inch  pipe.  Openings  aa  \ 
have  -392  inch  diameter.  Valve  opening  d 
has  4  inch  diameter, 
is  (U6  lb 
21.4  lbs. 

Fig.  12  is  a  vertical  section  through  st 
(see  Fig.  14). 

Fig.  1 3  is  a  horizontal  section  through 
uv  (see  Fig.  12). 

Fig.  14  is  a  top  view  of  the  meter  with 
the  dial  box  removed,  showing  the  dials, 
etc. 

Fig.  15  is  a  top  view  of  that  portion  of 
the  registering  apparatus  contained  in 
chamber  C  (see  Fig.  12). 

Fig.  16  is  a  vertical  section  of  the  bel- 
lows-like diaphragm,  etc.,  taken  through 
wx  (see  Fig.  15). 

Fig.  17  is  another  vertical  section  of 
the  same  through  yz  (see  Fig.  15). 

Fig.  18  is  a  section  of  the  screen  or 
filter  which  is  interposed  between  the 
meter  and  the  inlet  pipe. 

The  material  used  in  constructing  the 
meter  is  shown  by  the  manner  of  shad- 
ing the  sections.  It  may  be  found  ad- 
vantageous to  make  a  different  selection 
for  some  of  the  parts.  The  meter  will 
not  serve  for  the  delivery  of  hot  water 
without  radical  changes  in  the  material. 
The  Ke7i7ied'j  and  the  Siemens  Curves 


(see  diagrams)  were  obtained  from  the 
experiments  of  Mr.  Salbach  (see  foot 
note),  who  used  such  curves  as  a  means 
of  comparison. 

The  volume  of  water  delivered  was 
measured  in  an  accurately  constructed 
tank.  The  loss  of  head  was  given  by  the 
difference  of  the  readings  of  two  large 
quicksilver  manometers,  the  one  com- 
municating with  the  inlet,  and  the  other 
with  the  outlet  pipe  immediately  adjacent 
to  the  meter. 

Tests  were  made  under  mean  heads* 
of  about  45  and  150  feet.  The  change  of 
mean  head  had  no  material  effect  upon 
the  curves  of  registry  of  these  meters, 
excepting  in  the  case  of  the  "  German  " 
Siemens  meter  II,  which  gave  better  re- 
sults under  the  greater  head,  and  even 


Weight  of  valve  J 
Entire  weight   of  meter  is 


this  was  doubtless  due  to  cleaning  of  the 
meter  in  the  interval.  The  effect  upon 
the  curves  of  head  lost  was  not  important, 
and  was  probably  due,  as  Mr.  Salbach 
says,  (mainly)  to  some  imperfections  in 
the  manometers  when  under  low  pressure, 
The  curves  of  registry  were  plotted  from 
the  tests  made  under  the  lower  mean 
head,  the  curve  from  tests  under  the  high- 
er mean  head  being  added  for  the  "  Ger- 
man "  Siemens  meter  II — IIa  lower,  11^ 
higher  mean  head.  The  curves  of  head 
lost  were  plotted  from  the  tests  under 
the  higher  mean  head. 

The  Worthi7igto7i  B,  C  cmd  D  curves 
of  registry  were  plotted  from  the  results 
of  experiments  conducted  by  Prof.  Hesse, 
as  chairman  of  a  committee  appointed  by 
the  Board  of  Managers  the  Twelfth  In- 
dustrial Exhibition  of  the  Mechanics'  In- 
stitute 1878  (published  in  report).  Me- 
ter B  had  never  been  in  use,  C  had  been 
in  use  3  months,  D  8  months.  A  number 
of  others  were  tested  showing  the  effect 
of  wear,  etc. 

The  Hesse  a)id  the  Worthington  A 
curves  were  plotted  from  the  results  of  a 
set  of  tests  conducted  by  the  writer,  with 
the  assistance  of  Mr.  H.  Dikeman,  a  stu- 
dent of  engineering  in  the  University  of 
California. 

The  Hesse  meter  tested,  forms  a  part 
of  some  experimental  apparatus  in  the 
Mechanical  Laboratory. 

The  Worthington  A  is  a  f-inch  meter 
which  was  specially  selected  by  Mr.  Pur- 

*  It  is  presumed  that  by  "  mean  head  "  is  meant  the 
average  head  in  the  inlet  pipe. 
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cell  of  the  Oakland  Water  Co.  to  serve  as 
a  test  meter. 

The  quantity  of  water  delivered  was 
weighed  to  -fa  lb.,  and  the  pressure  meas- 
ured by  means  of  a  sensitive  gauge  de- 
scribed in  the  Mining  and  Scientific 
Press  of  September  2,  1882,  also  in  Bul- 
letin No.  1  of  the  College  of  Mechanics. 
With  this  gauge  the  heads  could  easily 
be  measured  to  -fa  of  a  foot.     The  time 


was  observed  only  to  single  seconds.  The 
results  of  these  tests  are  tabulated  below. 
The  diameters  of  the  inlet  and  outlet 
pipes  were  the  same  at  the  points  where 
connected  with  the  pressure  gauge,  so 
that  it  was  unnecessary  to  make  allow- 
ance for  the  velocity  heads  at  these  points 
in  order  to  obtain  the  effective  difference 
of  heads.  The  temperature  of  the  water 
varied  2°  F.,  averaging  55°  F. 


CURVES    of     REGISTRY 


CpB.  fl  .02    P^R  S$t.  03  .04 

1  Z         3  4         J  6         7   GALLONS  PER  MIN.    II  12         I?         14        I?         \6        VJ         18 

*  Unit  of  Delivery  S  gallows  per  m/n.  tvtr*  20 feet  loss  of head. 
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The  possible  error  in  these  tests,  it  is 
thought,  may  be  safely  taken  at  1  per 
cent,  in  the  rate  of  delivery,  at  J  per  cent, 
in  the  ratio  of  registered  to  actual  de- 
livery, and  at  one  foot  in  head  lost  at  high 
rates,  and  -fa  foot  at  low  rates. 
^The  Hesse  meter,  experimented  with, 
had  previously  been  subjected  to  various 
tests  by  the  Oakland  Water  Co.,  and  had 

CURVES 


delivered  during  four  months,  62,000 
cubic  feet  (in  great  part  at  the  rate  of  12£ 
gallons  per  minute),  without  being  in  the 
j  least  damaged.  This  is  a  greater  quan- 
tity than  would  be  drawn  in  5  years  in 
the  average  service.  However,  it  must 
be  borne  in  mind  that  this  test  involved 
the  importaut  element  of  time  only  to  a 
small  extent. 

of     REGISTRY 
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Tests  of 

THE  AOOUEAOY 

and  Deliveet  of  the  Hesse  One-Half  Inch  Metee. 

Hydraulic 

Rate  of 

Head 
lost 

Ratio 

No. 

of 

Test, 

Heads  j 

ii  Feet. 

Time 

Weight 
in  lbs. 

Cubic  Feet. 

Delivery. 

of 

Regist. 

to 

Inlet 

Outlet 

in 

See's. 

dupois 
G. 

Actual 
G 

Regis- 

Cubic ft. 

Gals. 

in  Feet, 

Actual 
Volume 

H. 

h. 

62^4 

tered. 

per  sec. 

per  min. 

H-&. 

per  cent. 

1 

^_^__ 

___ 









.00015 

.07 





2 

59.85 

59.40 

1308 

31.3 

0.502 

0.4 

.00038 

.17 

.45 

79.7 

3 

59.50 

59.00 

2543 

72.2 

1.157 

1.0 

.00046 

.21 

.50 

86.4 

4 

59.00 

58.15 

3660 

218.0 

3.494 

3.6 

.00096 

.43 

.85 

103.0 

5 

59  40 

58.55 

1392 

119  8 

1.920 

2.0 

.00138 

.62 

.85 

104.2 

6 

50.40 

58.45 

1102 

119.5 

1.915 

2.0 

.00174 

.78 

.95 

104.4 

7 

50  40 

58.30 

915 

119.8 

1.920 

2.0 

.00210 

.94 

1.10 

104.2 

8 

59.20 

58.05 

802 

120.0 

1.923 

2.0 

.00240 

1.08 

1  15 

104.0 

9 

59.10 

57.90 

1125 

180.6 

2.894 

3.0 

.00257 

1.15 

1.20 

103.7 

10 

59.0 

57.5 

840 

182.0 

2.917 

3.0 

.00347 

1.56 

1.5 

102.9 

11 

58.8    • 

56.9 

641 

184.3 

2.954 

3.0 

.00461 

2.07 

1.9 

101.6 

12 

57.1 

54.7 

524 

185.0 

2.965 

3.0 

.00566 

2.54 

2.4 

101.1 

13 

56.8 

53.9 

452 

186.0 

2.981 

3.0 

.00660 

2.96 

2  9 

100.6 

14 

56.5 

53.3 

441 

198.6 

3.183 

3  2 

.00722 

3.24 

3.2 

100.5 

15 

56.3 

52.7 

375 

186.8 

2.994 

3.0 

.00798 

3.58 

3.6 

100.2 

16 

55.8 

52.1 

365 

187.0 

2.997 

3.0 

.00821 

3.69 

3.7 

100.1 

17 

55.9 

50.9 

304 

187.3 

3.002 

3.0 

.00987 

4.43 

5.0 

100.0 

18 

55.6 

49  9 

563 

374.6 

6.003 

6.0 

.01066 

4.79 

5.7 

100.0 

19 

55.2 

48.4 

507 

374.7 

6  005 

6.0 

.01184 

5.32 

6.8 

99.9 

20 

54.7 

46.5 

465 

374.7 

6.005 

6.0 

.01291 

5.80 

8.2 

99.9 

21 

54.3 

44.9 

432 

375.0 

6  010 

6.0 

.01391 

6.24 

9  4 

99.8 

22 

55.0 

45.8 

434 

375.0 

6.010 

6.0 

.01386 

6.22 

9.2 

99.8 

23 

54.5 

42.8 

390 

376.0 

6.026 

6.0 

.01545 

6.94 

11.7 

99.6 

24 

53.5 

38.3 

340 

376.4 

6.032 

6.0 

.01774 

7.97 

15.2 

99  5 

25 

52.8 

34  5 

312 

376.5 

6.034 

6  0 

.01934 

8.68 

18.3 

99.4 

26 

50.7 

29.4 

290 

376.5 

6.034 

6.0 

.02081 

9.34 

21.3 

99.4 

27 

49.7 

24.9 

267 

376.7 

6.037 

6.0 

.02261 

10.15 

24.8 

99.4 

28 

49.3 

20.9 

256' 

388.8 

6.232 

6.2 

.02434 

10.93 

28.4 

99.5 

29 

47.6 

15,. 1 

231 

376.7 

6.037 

6.0 

.02613 

11.73 

32.5 

99.4 

30 

46  5 

11.1 

220 

377.0 

6.042 

6  0 

.02746 

12.33 

35.4 

99.3 

31 

45.7 

6.8 

210 

376.7 

6.037 

6.0 

.02875 

12.91 

38.9 

99.4 

In  test  No.  1  the  limit  was  reached. 


Tests  of  the  Acoueaoy  and  Deliveey  of  the  Woethington  Five-Eighths  Inch  Metee. 

(A)  No.  26,737. 


No. 

of 

Test. 


1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 


Hydraulic 
Heads  in  Feet. 


Inlet 
H. 


59.00 

59.00 

58.85 

58.65 

58.15 

57.30 

56.5 

53.8 

49.1 

43.7 


Outlet 
h 


58.85 
58.80 
58.40 
57.00 
55.40 
52  20 
49.5 
40.4 
24.9 
8.1 


Time 

Weight 

in  lbs. 

in 

avoir- 

dupois 

See's. 

G. 

1622 

17.0 

640 

15.5 

492 

59.4 

379 

122.0 

272 

122.5 

308 

184.4 

255 

185.0 

302 

310  7 

224 

313.8 

184 

316.3 

Cubic  Feet. 


Actual 

G 

62.4 


.2724 
.2484 
.9519 
1.9551 
1  9631 
2.9551 
2.9647 
4.9791 
5.0288 
5.0689 


Regis- 
tered. 


.30 
.27 
1.00 
2.00 
2.00 
3.00 
3.00 
5  00 
5.00 
5.00 


Rate  of 
Delivery. 


Cubic  ft. 
per  sec. 


.00015 
.00017 
.00039 
00193 
.00516 
.00722 
.00960 
.01163 
01649 
.02245 
.02755 


Gals. 
per  min. 


.07 

.08 

.18 

.87 

2.32 

3  24 

4.31 

5.22 

7.40 

10.08 

12.37 


Head 

lost 

in  Feet, 

H-7i. 


15 

20 
45 
65 
75 
10 
00 
40 
20 
60 


Ratio  of 
Regist. 

to 
Actual 
Volume 

in 
per  cent. 


110.1 
107.0 
105.1 
102.3 
101.9 
101.5 
101.2 
100.4 
99.4 
98.6 
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Discussion  of  the  curves  or  head  lost. 
— These  are  approximately  parabolic,  and 
may  be  represented  roughly  by  the  equa- 
tion H— A=A-)-BQs,  wherein  Q  is  the 
quantity  delivered  in  cubic  feet  per  sec- 
ond, A  and  B  constants.  In  the  Worth- 
ington  finch  A.=0A,  B  =  46,000. 

These  curves  simply  serve  the  purpose 
of  determining  the  deliveries  of  the  sev- 
eral meters,  prior  to  making  comparisons 
of  sensitiveness,  cost,  &c.  By  following 
the  20  feet  line  it  will  be  seen  that  with 
this  loss  of  head  the  Worthington  |-inch 
delivers  9.1  gallons  per  minute,  the  Hesse 
:J-inch  9.1;  the  English  Siemens  1  inch 
18.5  ;  the  German  Siemens  1  inch  25.1 ; 
the  Kennedy  1  inch  32.0.  If  then  the  de- 
livery of  the  Worthington  -J  inch,  under 
effective  head  of  twenty  feet,*  is  adopted 
as  unit,  we  have :  Worthington  §-'' ....  1, 

Hesse  \"   ...1.  English  Siemens  1" 2, 

German  Siemens  1" . .  . .  2f ,  Kennedy 
1"....3£. 

It  would  have  been  of  great  advantage 
in  making  the  comparisons  which  follow, 
could  the  sizes  of  the  several  meters  have 
been  so  selected  as  to  make  the  deliveries 
the  same  under  the  same  effective  head. 

Discussion  of  the  Corves  of  Begistry. 
— The  notable  properties  of  these  curves 
are  to  be  found  in  the  degree  of  approxi- 
mation to  parallelism  of  the  horizontal 
sweep  to  the  axis  of  abscissae,  and  in  the 
proximity  of  the  vertical  sweep  to  the 
axis  of  ordinates.  The  former  furnishes 
the  true  criterion  for  estimating  the  de- 
gree of  accuracy  which  may  be  reached 
by  adjustment,  the  latter  indicates  the 
degree  of  sensitiveness  of  the  meter. 

These  curves  may  be  shifted  up  or 
down,  or  the  curves  remaining  station- 
ary, the  100$  lines  may  be  so  shifted  by 
a  simple  adjustment  of  the  meter.  This 
may  be  effected,  in  each  of  the  meters,  by 
changing  the  number  of  teeth  in  one  or 
more  of  the  gear  wheels  leading  to  the 
index,  since  this  number  determines  the 
ratio  of  the  movements  of  the  dial  hands 
to  the  movements  of  the  pistons  in  the 
piston  meters,  and  of  the  measuring 
wheels  in  the  velocity  meters. 

Such  a  change  may  be  effected  also, 
though  to  a  smaller  extent,  as  follows : 

In  the  Worthington,  by  adjustment  of 
the  length  of  stroke. 


*  The  velocity  head  in  the  y8  inch  outlet  is  small,  and 
is  therefore  neglected. 


In  the  English  Siemens,  by  change  of 
the  regulating  vanes  a  a  a. 

In  the  German  Siemens,  by  increase  of 
the  openings  a  a  a  a  or  e  e  e  e,  or  by 
change  of  the  buckets. 

In  the  Hesse,  by  change  of  the  num- 
ber of  teeth  in  worm  wheel  H,  or  by  in- 
crease in  size  of  openings  a  a,  or  by 
change  of  the  buckets  or  stationary  ribs. 

An  inspection  of  the  curves  will  bring 
out  some  marked  features. 

The  Worthington  curve,  for  quantities 
above  three  gallons  per  minute,  becomes 
practically  a  right  line,  strongly  inclined 
to  the  axis  of  abscissae,  showing  at  low 
rates  too  great,  and  at  high  rates  too 
small  a  registry.  This  is  doubtless  due, 
in  the  main,  to  the  differences  in  length 
of  stroke.  This  stroke  is  on  the  average 
a  little  above  two  inches.  A  f  inch  rub- 
ber seating  is  compressed  at  each  end  of 
the  stroke  by  an  amount,  increasing  with 
the  momentum  or  with  the  velocity  of  the 
piston,  hence  with  the  rate  of  delivery. 
If  the  difference  in  the  magnitude  of  this 
compression,  between  rates  of  3  and  15 
gallons  per  minute,  is  -^  inch  each  seat- 
ing, there  results  -§■  inch  difference  in 
length  of  stroke.  The  meter  registers 
the  number  of  strokes,  hence,  if  adjusted 
to  register  correctly  at  rate  of  3  gallons, 
it  will  register  about  }^.=Qf0  too  little  at 
rate  of  15  gallons  per  minute. 

As  the  rate  becomes  less  than  3  gal- 
lons per  minute,  the  diminution  in  length 
of  stroke  is  more  marked. 

The  Kennedy  curve,  when,  compared 
with  the  Worthington,  shows  the  advan- 
tage of  registering  the  approximate  dis- 
tance traveled  by  the  piston,  in  place  of 
the  number  of  strokes,  the  main  sweep 
being  practically  parallel  to  the  axis  of 
abscissae.  By  proper  adjustment,  i.  e., 
by  shifting  the  100$  line  upward  1.05$ 
(see  dotted  line),  this  curve  is  made  al- 
most perfect. 

The  Siemens  curves  were  improved  by 
adjustment  (see  dotted  lines).  They  show 
inferiority  in  point  of  sensitiveness.  This 
is  due  to  the  resistances  of  solid  friction 
opposing  the  motion  of  the  measuring 
wheels. 

The  Hesse  curve  shows  a  favorable  ad- 
justment, and  a  degree  of  sensitiveness 
nearly  equal  to  that  of  the  best  piston 
meters.  The  effect  of  solid  friction  is  not 
observable  for  quantities  exceeding  one 
gallon  per  minute.     The  curve,  following 
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the  law  of  combined  fluid  pressure  and 
resistance,  rises  rapidly  for  quantities 
less  than  four  gallons  per  minute.  If 
there  were  absolutely  no  solid  frictional 
resistance,  the  curve  would  mount  to  a 
great  height  as  the  quantity  approached 
zero — see  considerations  which  led  to  the 
adoption  of  the  form  of  measuring 
wheel. 

Comparison.  —  The  meters  described 
will  be  compared  with  reference  to  the 
considerations  enumerated. 

1st.  The  accuracy  will  primarily  be 
compared  by  means  of  the  adjusted 
curves,  and  without  reference  to  perma- 
nency. Such  comparison  shows  the  Ken- 
nedy curve  to  be  without  doubt  the  best; 
then  follow  in  order  the  Hesse,  the 
Worthington  A  and  B,  the  German  Sie- 
mens, the  English  Siemens,  the  Worth- 
ington D. 

2d.  The  necessity  of  special  adjust- 
ment is  greater  in  the  Worthington  than 
in  the  Kennedy,  in  the  Siemens  than  in 
the  Hesse.  A  close  comparison  is  diffi- 
cult without  the  experience  of  the  manu- 
facturers ;  it  is  apparent,  however,  from 
the  curve,  that  even  the  Kennedy  requires 
a  special  adjustment  if  great  accuracy  is 
sought. 

3d.  The  difficulty  of  special  adjustment 
is  greater  than  it  should  be,  in  each  of 
the  meters  excepting  the  Worthington. 
Provisions  should  be  made  for  these  ad- 
justments outside  of  the  casing.  In  the 
Hesse  meter,  for  instance,  this  might  be 
effected  by  suitable  provision  for  shifting 
of  one  or  more  of  the  stationary  ribs. 
The  Worthington  is  easily  adjusted  by 
tightening  or  loosening  the  screws  of 
the  cap,  covering  one  of  the  rubber  seat- 
ings. 

4th.  A  certain  degree  of  sensitiveness 
is  important.  This  is  apparent  from  the 
fact  that  one  gallon  in  three  minutes  can 
be  made  to  supply  a  household  by  use  of 
a  small  storage  tank.  The  Kennedy  1" 
will  register  a  gallon  in  from  20  to  30 
minutes ;  the  Worthington  f "  and  the 
Hesse  £",  a  gallon  in  15  minutes  ;  the 
two  one  inch  Siemens  meters  a  gallon  in 
from  1  to  1£  minute.  A  direct  compari- 
son of  these  figures  would  not  be  fair  to 
the  Siemens  meters,  as  the  deliveries 
(under  given  head)  of  the  sizes  tested 
were  greater  than  those  of  the  Worthing- 
ton and  the  Hesse.  However,  it  is  safe  to 
say  that  the  Siemens  meters  are  much  in- 


ferior in  point  of  sensitiveness.  The 
wear  of  the  Worthington  piston  will  cause 
deterioration  in  this  respect,  unless  the 
meter  is  judiciously  used. 

The  sensitiveness  of  the  Hesse  meter 
may  be  greatly  increased,  but  at  the  ex- 
pense of  the  accuracy  at  small  rates  of 
delivery.  However,  a  rate  of  one  gallon 
in  15  minutes  or  96  gallons  in  24  hours, 
is  about  the  minimum  rate  admitted  in 
Providence,  R.  I.,  and  only  \  of  the  quan- 
tity passed  in  the  average  service.  Such 
a  degree  of  sensitiveness  makes  theft  out 
of  the  question. 

5th.  With  respect  to  permanency  of 
sensitiveness  and  accuracy,  it  is  confi- 
dently thought  that  the  Hesse  meter  will 
stand  foremost  under  a  wide  variation  of 
wear,  etc. 

There  is  no  leakage  due  to  wear  of  valves 
and  piston,  no  alteration  due  to  change 
of  friction  by  wear,  rusting,  or  oiling  of 
the  registering  apparatus.  The  only 
parts  which  might  be  regarded  as  sensi- 
tive in  this  respect,  are  the  circular  open- 
ings a  a  ;  but  as  these  are  made  of  hard 
rubber,  no  rusting  can  take  place,  and  any 
tendency  towards  diminution  in  size  of 
these  openings,  by  deposition  of  sedi- 
ment, is  overcome  by  the  rapid  flow  of 
water.  Little  of  the  wear  which  may 
take  place  in  the  meter  is  of  a  nature  to 
effect  its  curve  of  registry. 

It  is  probable  that  the  Kennedy  curve 
is  reasonably  permanent. 

The  effect  of  wear,  upon  the  Worthing- 
|  ton  curve,  is  plainly  shown  by  compari- 
i  son  of  curves  B,  C  and  D.  It  must  be 
remarked,  however,  that  it  is  unfair  to 
charge  against  this  meter  a  deterioration 
which  appears  to  be  due  to  over  taxation. 
The  manufacturing  company  calls  special 
attention  to  the  fact  that  their  f  inch  me- 
ter should  not  be  taxed  with  a  delivery 
greater  than  7|  gallons  per  minute.  This 
corresponds  to  an  effective  head  of  about 
]  6  feet.  In  San  Francisco,  where  the 
hydrostatic  head  runs  up  to  two  hundred 
and  fifty  feet  and  more,  it  does  not  seem 
likely  that  the  f "  Worthington  is  large 
enough  for  the  average  service. 

That  the  Siemens  curves  are  not  partic- 
ularly permanent  is  plain  from  the  fact 
already  mentioned,  viz. :  that  the  accuracy 
and  sensitiveness  depend  upon  the  mag- 
nitude of  the  frictional  resistance  of  the 
indicating  apparatus,  and  this  will  vary 
constantly  with  rusting,  wear,  etc.     Mr. 
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Salbach,  who  has  given  the  German  Sie- 
mens meter  careful  consideration,  says  it 
is  capable  of  giving  good  results  in  every 
respect  when  new,  but  after  a  while  the 
meter  will  deteriorate  in  so  far  as  the  ac- 
curacy is  concerned  in  the  measurement 
of  quantities  at  small  rate  of  flow.  "  The 
main  cause,"  he  further  says,  "  is  the  oil 
which  is  contained  in  the  first  chamber 
above  the  wheel,  and  which  in  time  ad- 
heres to  the  gear  wheels.  A  further 
detrimental  effect  is  produced  by  freezing 
or  thickening  of  the  oil  in  case  the  tem- 
perature sinks  to  2  or  3°  C.  From  these 
facts  it  is  plain  that  the  oil  chamber  is  a 
bad  feature  of  this  meter,  and  one  that 
there  should  be  an  energetic  effort  made 
to  overcome."  This  has  been  effected  in 
the  Hesse  Meter. 

6th.  The  liability  to  obstruction  was 
not  tested  in  the  Worthington  and  Hesse 
meters,  as  similar  data  was  wanting  in 
•connection  with  the  others.  A  suitable 
screen  (see  Figs.  9  and  18)  should  be  pro- 
vided for  each  meter  to  keep  out  the 
coarser  obstructions,  such  as  leaves,  straw, 
chips  of  wood,  wads  of  oakum,  etc.,  which 
are  easily  withheld.  The  liability  to  ob- 
struction is  said  to  be  a  weak  feature  of 
some  of  the  rotary  piston  meters,  but  not 
of  the  oscillating.  To  be  sure  a  sandy 
deposit  in  the  measuring  cylinder  will 
cause  rapid  wear  in  the  Worthington,  and 
a  certain  resistance  to  free  rolling  of  the 
rubber  ring  in  the  Kennedy;  but  with 
reasonably  clear  water  no  serious  diffi- 
culty seems  likely  to  occur  if  the  coarser 
obstructions  are  screened,  and  thus 
wedging  of  valves  prevented.  The  sandy 
or  muddy  sediment  is  probably  less 
detrimental  to  the  velocity  meters  when 
properly  constructed.  It  is  suggested 
that  the  cylindrical  wheel  chamber  in 
Hesse's  meter  should  be  extended  a  few 
inches  in  length  and  provided  with  a 
waste  cock  at  the  bottom,  for  convenient 
discharge  of  accumulated  sediment,  in 
case  it  should  be  used  for  the  measure- 
ment of  muddy  water. 

7th.  The  greatest  advisable  rate  of  de- 
livery is  hast  in  the  Worthiogton,  and 
most  in  the  velocity  meters.  As  already 
stated  the  Worthington  is  not  guaran- 
teed for  an  effective  head  exceeding  16 
or  20  feet,  corresponding  to  a  delivery  of 
7 J  gallons  '  per  minute  by  the  f",  15  gal- 
lons by  the  J",  etc.  The  safe  limit  of 
effective  head  in  the  Kennedy  is,  accord- 


ing to  the  manufacturer's  statement, 
about  60  feet,  the  §"  delivering  20  gal- 
lons per  minute,  the  J"  30  gallons,  the 
1"  70  gallons,  etc. 

In  the  velocity  meters  the  limit  of  head 
is  exceedingly  high.  In  the  Hesse  meter 
this  limit  is  dependent  almost  solely 
upon  the  action  of  the  rubber  diaphragm. 
The  difference  of  heads  in  chambers  B 
and  C,  measuring  about  twice  the  effec- 
tive pressure  upon  the  diaphragm,  will 
depend  upon  the  square  of  the  ratio  of 
areas  of  the  valve  opening  d  and  jet 
openings  a  a.  In  the  meter  tested  the 
diaphragm  is  subjected  to  but  -^  of  the 
total  pressure  lost  in  the  meter,  and  this 
may  be  diminished  at  will  by  simple  en- 
largement of  the  valve  opening.  By 
closing  the  opening  h  and  fastening 
down  the  valve,  the  diaphragm  was  sub- 
jected to  25  feet  of  pressure  without 
damage.  The  diaphragm  then  would 
not  give  way  under  a  total  loss  of  head 
in  the  meter  of  25x20=500  feet.  The 
further  question  which  must  be  consid- 
ered, is  :  Will  the  bellows  operate  under 
the  rapid  motion  of  the  worm  wheel  due 
to  high  loss  of  head?  A  greater  head 
than  60  feet  was  not  available  for  trial, 
but  in  this  case  the  time  occupied  in  lift- 
ing cap  K  was  only  one-half  the  inter- 
val of  high  pressure.  If  the  velocity  of 
registering  should  be  too  great  under 
very  high  heads,  the  difficulty  is  simply 
remedied  by  increasing  the  width  of  the 
arm,  or  the  number  of  teeth,  in  the  worm 
wheel.  It  is  not  thought  that  this  would 
be  necessary  as  the  rate  of  supply  of 
water  to  the  bellows  chamber  is  nearly 
proportional  to  the  velocity  of  the  meas- 
uring wheel. 

8th.  The  compactness  of  the  velocity 
meter  is  great  as  compared  with  that  of 
the  oscillating  piston  meter.  This  will 
appear  from  a  comparison  of  the  weights 
of  meters  of  about  the  same  delivery. 

9th.  The  prices  are  given,  as  near  as 
possible,  in  the  following  table:  The 
price,  as  well  as  weight,  increases  much 
more  rapidly  with  increase  of  delivery 
under  the  same  head,  in  the  piston  meters, 
than  of  the  velocity  meters.  In  either 
form,  the  price  increases  at  a  smaller 
rate  than  the  delivery.  For  example,  a 
Kennedy  1  inch  meter,  delivering  four 
times  as  much  as  the  f  inch,  costs  less 
than  2^  times  as  much;  the  English 
Siemens  1J  inch,  delivering  five  times  as 
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Table  of  Deliveries,  Greatest  Advisable  Rates  of  Delivery,  Weights  and  Prices  of 

Meters. 


Size  of  in 

and  out  lets. 

Inches. 

Delivery 
unit  9  gals. 

per  min. 
under  eff. 

head  of 

20  feet. 

Greatest  Advisable 

Weight  in 
lbs.  avoir- 
dupois. 

Name  of  Meter. 

Rate  of 
delivery 
in  gals, 
per  min. 

Effective 

head 

in  feet. 

Price 

Worthington 

^Kennedy 

f 

4 

1 

3 
4 
1 

1 

2 
3 

I' 

H 
l* 
l" 

h 

1.0 

? 
? 

1.3 

1.8 

2.8 

5.4 

11.0 

.2 

.5 

.8 

2.0 

2.9 

4.1 

2.5 

1.0 

7.5 
15.0 
30.0 
19.9 
30.0 
50.0 
70.0 
150.0 

*  * 

16 
60 

*  * 

59 
103 
175 
104 
162 
206 
322 
564 

? 

? 

? 

? 

? 

? 

33 
.  21 

17.00 
27.00 
33.00 
19  36 

English  Siemens. . . 

German  Siemens . . 
Hesse 

27.83 

33.82 
46.00 
75.00 
12.10 
14.76 
18.15 
21.30 
26.86 
30.75 
26.00 
*  *  * 

*  The  deliveries  and  greatest  advisable  effective 
heads  in  the  Kennedy  and  English  Siemens  meters, 
were  calculated  from  data  furnished  by  the  manufac- 
turers' circulars.  The  Kennedy  34  inch  meter  is  omit- 
ted as  it  is  not  recommended  by  the  manufacturing 
company. 


much  as  the  f  inch,  costs  less  than  twice 
as  much.  Any  comparison  therefore  of 
the  price  of  meters  of  different  delivery 
should  be  made  with  caution.  The  fal- 
lacy is  apparent  in  the  claim  made  by  the 
Kennedy  Co.  to  the  effect  that  their  1 
inch  meter,  delivering  2.02  times  as  much 
as  the  Siemens  1  inch,  has  over  double 
the  proportionate  money  value,  and  as  it 
costs  about  1.63  times  as  much  as  the 

•     ±u      *        2.02-1.63 

Siemens,  is  therefore    — —=- =24:   f0 

l.oo 

cheaper.  Keference  to  the  table  will 
show  that  the  Kennedy  -£  inch,  delivering 
less  than  the  Siemens  1  inch,  costs  con- 
siderably more. 

The  prices  may  be  compared  as  fol- 
lows: 

(a.)  Upon  the  basis  of  equal  delivery, 
the  list  shows  the  Worthington  to  be 
cheaper  for  small  sizes  than  the  Kennedy 
or  Siemens.  As  the  deliveries  increase, 
the  Siemens  become  cheaper  than  the 
Worthington  or  Kennedy.  The  price  of 
the  Hesse  has  not  been  definitely  ascer- 
tained. 

(b.)  Upon  the  basis  of  greatest  advis- 
able rate  of  delivery,  the  velocity  meters 
are  by  far  the  cheapest,  and  the  Worth- 


*  *  The  greatest  advisable  effective  head  is  many 
times  greater  in  the  velocity  than  in  the  piston  meters. 

*  *  *  A  careful  estimate  of  the  cost  of  manufacture 
of  the  Hesse  meter,  indicates  a  price  considerably  less 
than  that  of  any  other  meter  named. 


ington  the  most  expensive.  This  is  an 
important  consideration  only  where  there 
is  on  hand  an  abundant  surplus  of  head 
for  the  house  service.  If,  for  example, 
the  head  is  such  as  to  make  the  capacity 
of  the  service  pipe  10  or  12  gallons  per 
minute,  it  becomes  advisable  to  employ 
a  f  inch  Worthington,  whereas  a  Siemens 
of  far  less  delivery,  or  a  \  inch  Hesse 
meter  will  amply  serve. 

10th.  The  expense  of  repairs  of  the 
English  Siemens  meter  is  permanently 
guaranteed  by  the  Manufacturing  Co. 
for  5  <f0  annually  upon  the  original  cost. 
The  actual  expense  in  this  and  the  Ken- 
nedy, seems  to  be  in  the  neighborhood  of 
3  or  4  </0  per  annum  upon  the  original 
cost.  It  is  claimed  that  the  average  life 
of  the  rubber  roller  in  the  Kennedy  is 
more  than  three  years.  If  the  Worthing- 
ton is  overtaxed,  the  wear  of  the  piston, 
etc.,  will  necessitate  exrjensive  repairs  in 
order  to  maintain  its  sensitiveness. 

In  the  Hesse  meter  the  life  of  the  rub- 
ber diaphragm  remains  to  be  ascertained. 
It  is  known  that  pure  rubber  will  deteri- 
orate quite  rapidly  when  exposed  to  air 
and  light;  but  it  is  claimed  that  in  cool 
water,  under  the  exclusion  of  light  and 
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air,  it  will  remain  intact  for  an  indefinite 
period.  The  rubber  diaphragm  is  not 
taxed  as  is  the  roller  of  the  Kennedy. 
There  was  scarcely  a  perceptible  wear  in 
the  Hesse  meter  during  the  passage  of 
62,000  cubic  feet  of  water.  The  velocity 
of  the  measuring  wheel  (190  revolutions 
per  cubic  foot)  is  far  less  than  in  the 
Siemens  Dieters  of  equal  capacity,  and 
its  weight  is  trifling.  The  spindle  does 
not  pass  through  a  stuffing  box.  The 
shaft  P,  which  does  pass  through  a  stuff- 
ing box,  makes  only  -^  revolution  for 
each  cubic  foot  registered. 

Conclusion. — The  following  is  an  at- 
tempt to  rank  the  meters  according  to 
their  merits  with  respect  to  the  more 
definite  of  the  considerations  enumerated. 
This  is  done  with  a  certain  reserve,  as,  in 
some  cases,  the  information  at  hand  is 
not  sufficiently  complete  to  admit  of  posi- 
tive conclusions.  Where  two  meters  are 
placed  in  the  same  vertical  column  no 
comparison  between  them  is  attempted. 

1.  Accuracy K.  H.  W(A).  S.  W(D). 

2.  Sensitiveness  ...K.      j  ^    \  ^ 

3.  Permanency H.  K.      <^ 

4.  Greatest  advisable  rate 

of  delivery,  j^     K.   W. 

5.  Compactness «j  5;    W.    K. 

6.  Price — (a).    Upon    basis    of  ( w 

equal  delivery  under  the  ■<  «  '    K. 

same  head (    ' 

Price—  (b).  Upon  basis  of  ( „ 

greatest  advisable  rate  <  ?f   K.  W. 
of  delivery (     ' 

(S. 

7.  Expense  of  repairs H.   ■<  K. 

(W. 

The  Worthington,  though  sufficiently 
accurate,  and  quite  sensitive  when  new, 
has  very  small  advisable  rate  of  delivery, 
and  unless  judiciously  used  is  subject  to 
deterioration  with  respect  to  sensitiveness. 

The  Kennedy,  while  extremely  accu- 
rate and  sensitive,  and  an  excellent  meter 
in  other  respects,  is  the  heaviest  and  most 
expensive. 

The  Siemens  meters  are  very  compact 
and  admit  of  a  high  effective  head  with- 
out damage ;  but,  while  their  accuracy 
is  sufficient  for  considerable  rates  of  de- 


livery, they  are  inferior  in  point  of  sensi- 
tiveness. 

The  Hesse  meter  combines,  in  the  main, 
the  good  features  of  the  others,  with  an 
advantage  in  respect  to  permanency  of 
sensitiveness,  price  and  wear. 

Construction  of  the  Hesse  Measuring 
Wheel. — The  following  is  an  abstract  of 
the  statement  made  by  Prof.  Hesse  with 
regard  to  the  considerations  which  led 
him  to  the  present  construction  of  the 
measuring  wheel,  and  the  introduction  of 
the  stationary  ribs. 

A  is  the  area  of  opening,  a. 

r,  the  radius  of  the  wheel. 

v,  the  velocity  of  the  wheel. 

c,  the  velocity  of  the  water  in  passing 
opening  a. 

P,  the  effective  pressure  (reduced  to 
radius  r)  of  the  jet  upon  the  wheel,  in- 
cluding all  pressures,  positive  or  negative, 
directly  due  to  the  action  of  the  jet. 

R,  the  resistance  (reduced  to  radius  r) 
caused  by  the  displacement  of  the  mass 
of  the  water. 

F,  the  solid  frictional  resistance  (re- 
duced to  radius  1),  offered  by  the  spindle 
journals  and  the  worm  wheel. 

M  and  N,  constant  coefficients  of  press- 
ure and  resistance. 

For  permanent  (uniform)  motion  of  the 
wheel — 

F 

P=R  +  —  (1) 

r 

The  actual  quantity  of  water  delivered, 
Q=Ac. 

The  quantity  registered,  Q1  =Bvr 
wherein  B  is  a  constant  determined  by 
the  gearing,  etc. 

The  ordinate  in  the  curve  of  registry, 

-jY=-7— ,  is  dependent  upon  P,  R  and  — 

On  account  of   the  variability  in  the 

workmanship  and   degree  of  wear,  etc., 

upon  the  spindle  journals  and  the  worm 

wheel,  the  magnitude  of  F  is  subject  to 

an  unavoidable  fluctuation   of   say  50$. 

Therefore,  by  diminishing  the  influence 

v 
of  F  upon  -  the  permanency  of  the  curve 
c 

of  registry  is  increased.     It  is  evident  al- 
so   that,   by    diminishing    the   value   of 

F 

— ,  the  Q  necessary  to  move  the  wheel  is 


lessened,  i. 
sensitive. 


e.9  the  meter  is  made  more 
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In  order  to  show  that  velocity  meters 

of  this  and  similar  forms  are  practicable, 

it  is  only  necessary  to   point   out   that 

v 
—  is  approximately   constant.      If   this 

ratio  were  strictly  constant,  such  a  value 
of  B  could  be  reached  by  adjustment  as 

as  to  make  —-  =  1,  and  the  meter  would 
Ac 

be  perfectly  accurate. 

If  the  losses  of  head  are  assumed  to 
be  proportional  to  the  squares  of  veloci- 
ties, actual  and  relative,  then 


®- 


'2g 


(c>_cCi2-™2), 


wherein  ;/  is  the  weight  of  unit  volume 
of  water,  C  a  constant,  cl  the  relative  ve- 
locity of  the  water  to  the  bucket,  ic  the 
actual  velocity  of  discharge. 
19.     Q=Ac. 


Fig.19. 


See  Fig. 


c12=c2  +  u2  —  2vc  cos.  fi=c'iq)i-\, 

1^=0, V  +  (£-)  v--2  (cos.  d)  f£)Oi*e* 

Hence  bv  transformation 

or 

P=iIcV(|)  (2) 

Wherein  the  function  of  the  ratio  of 

velocities,  cp  I — ),  increases  with  decrease 

of  v — i.  e,  the  pressure  upon  the  wheel 
increases  when  c  remains  constant  and 
the  velocity  of  the  bucket,  v,  is  forcibly 
diminished, 

r=:nv 


For  F  =  o,  by  introducing  values  of  P  and 
R  into  equation  (1). 


Mc2 
M 


W 


>(t) 

If  then   P  were   strictly  proportional 

(v  \      v 
—  I  ,  -  would  be  a  constant 

for  F  =  o. 

However,  the  adopted  law  of  loss  of 
heads  is  a  good  approximation  for  con- 
siderable velocities  only,  therefore  the  re- 
sult obtained  indicates  simply  that,  if  the 

v 
influence   of    F   could    be    overcome,  - 

c 

would  not  vary  to  any  great  extent,  ex- 
cepting for  small  rates  of  delivery. 

The  actual  curve  of  registry,  for  F  =  o, 
is  doubtless  similar  to  that  shown  in  Fig. 
20. 


For  any  value  of  F  (see  equation  1) — 
F 

••4(>4) 

The  ordinate  in  the  curve  of  registry— 


Ac     Act   -$\l     rp/ 


This  approaches   the  condition   F  =  o7 
and  the  influence  of  a  50  #  fluctuation  of 
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F 

F  is  the  less,  as  the  value  of  --=:  is  di- 

minished — i.  e.  as  F  is  diminished,  or  as 
r  and  P  are  increased. 

It  appears  from  the  above  that  the 
meter  will  gain  in  sensitiveness  and  per- 
manency : 

(I.)  by  diminution  of  the  solid  friction- 

al  resistance  (F) ; 
(II.)  by  increase  of  the  radius  (r)  of  the 
measuring  wheel ; 
(III.)  by  increase  of  the  pressure  (P)  of 
the  jet  upon  the  wheel. 

This  increase  of  P  may  be  effected : 

(1)  by  reducing  the  area  of  the  openings 

a  a  ;* 

(2)  by  increasing  the   resistance  (B)  of 

the  water,  and  thus  reducing  the  ve- 
locity (u)  of  the  wheel.  This  increase 
of  R  is  accomplished : 

(a)  by  increasing  the  area  of  bucket,  i.  e.> 

the  effective  displacing  area ; 

(b)  by  introducing   stationary  ribs,  and 

thus  checking  in  part  the  rotation  of 
the  body  of  water  in  the  measuring 
chamber. 

In  one  wheel  tested,  a  high  degree  of 
sensitiveness  was  reached,  by. curving  that 
portion  of  the  bucket  encountered  by  the 
jet,  and  arranging  for  outer  feed,  thus 
greatly  increasing  the  pressure.  How- 
ever, such  refinement  was  found  unneces- 
sary, and  the  small  addition  to  the  ex- 
pense was  not  deemed  advisable. 

Due  regard  to  the  considerations  enu- 
merated, has  led  to  sufficient  sensitiveness 
and  a  high  degree  of  permanency. 

Improvement  of  the  Curve  of  Registry. 
— There  remains  to  be  considered  the 
question  of  a  further  improvement  of  the 
curve  of  registry.  An  immediate  improve- 
ment of  that  portion  of  the  curve  corre- 
sponding to  values  of  Q  between  1  and  4 
gallons  per  minute,  may  be  effected  by  a 
small  increase  of  F  (see  Fig.  20) ;  but  it 
must  be  borne  in  mind  that  such  increase 
of  F  is  necessarily  accompanied  by  a  con- 
siderable loss  in  sensitiveness. 

Prof.  Hesse  devised  the  attachment 
shown  in  Fig.  21,  with  which  the  curve 
of  registry  was  perfected  without  sacrifice 
of  sensitiveness. 

*  This  is  a  convenient  method  of  improving  the 
curve  of  registry,  but  is  limited  in  its  application  on 
account  of  the  corresponding  reduction  of  the  deliv- 
ery of  the  meter  under  a  given  head. 


The  light  hard-rubber  valve  V  slips 
freely  upon  the  outer  surface  of  the  tube 
W.  If  Q  is  considerable,  say  6  gallons 
or  more  per  minute,  the  valve  V  is  lifted 
to  its  highest  position  and  no  water  can 
escape  through  the  openings  pp.  If  Q, 
hence  the  effective  head,  is  less,  the  valve 


will  occupy  a  lower  position  of  equilib- 
rium, and  a  small  portion  of  the  water 
will  escape  through  the  openings  pp  with- 
out assisting  in  the  rotation  of  the  wheel. 

Ql 

Thus  -fr  may  be  reduced  more  and  more 

as  Q  becomes  smaller.  This  reduction  is 
experimently  regulated  by  the  width  of 
the  openings  p  p,  and  by  the  curvature  of 
the  surface  of  valve  V. 

This  is  important  in  connection  with  a 
test  meter  only.  The  present  curve  of 
registry  is  all  that  may  be  desired  in  a 
house  meter,  and  certainly  no  device 
should  be  attached  to  the  meter  which 
would  detract  from  the  permanency  or 
add  to  the  liability  to  obstruction. 


rp he  only  place  in  America  where  graphite  is 
1.  now  successfully  mined  is  at  Ticondero- 
ga,  N.  Y.  The  output  of  the  Ticonderoga 
mine  in  1882  was  400,000  lbs.,  which  will  be  in- 
creased to  500,000  lbs.  this  year.  The  mine  is 
owned  by  the  Joseph  Dixon  Crucible  Com- 
pany, of  New  Jersey,  which  is  working  a  vein 
of  graphitic  schist,  15  feet,  and  carrying  only 
from  8  to  15  per  cent,  of  graphite.  This  is 
crushed  and  concentrated  by  a  wet  process,  in 
which  the  "tailings"  are  the  useful  product. 
The  Marquette  Mining  Journal  believes  that 
the  graphite  veins  of  the  upper  peninsula  of 
Michigan,  particularly  those  of  Baraga  County, 
are  as  pure  and  free  from  grit  as  either  the 
New  York,  Canadian  or  Ceylon  deposits. 
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WATER  MOTORS  * 

Br  Peofessor  W.  CAWTHORNE  UNWIN,  M   Inst.  C.  E. 
From  "The  Engineer." 


The  lecturer  remarked  that  water 
motors  were  not  in  this  country  so  im- 
portant as  heat  motors,  but  yet  a  larger 
amount  of  water  power  was  utilized  than 
was  commonly  supposed.  Either  a  rise 
in  the  price  of  coal  or  greater  ease  in 
the  electrical  transmission  of  mechanical 
energy  would  make  water  motors  more 
important. 

At  Windisch  1,000  horse-power  were 
utilized,  and  at  Bellegarde  3,700  horse- 
power. But  it  was  in  America  that  the 
largest  installations  were  found.  For 
instance,  at  Holyoke,  a  weir  30  ft.  high 
and  1,000  ft.  long  had  been  built  across 
the  river,  and  the  water,  taken  off  above 
the  dam  in  a  canal  140  ft.  wide  and  22  ft. 
deep,  supplied  power  to  the  mills.  Two 
other  canals,  on  lower  levels,  had  also 
been  constructed.  The  whole  water 
power  available  was  20,000  horse-power 
in  ordinary  dry  seasons,  and  the  power 
was  leased  to  the  mill-owners  at  the  rate 
of  £1  per  effective  horse-power  per  an- 
num. 

When  water  was  descending  from  a 
higher  to  a  lower  level,  in  a  pipe,  for  in- 
stance, it  would  in  general  have  acquired, 
at  any  point,  velocity  and  pressure.  Then 
if  H  was  the  total  fall, 

where  the  terms  on  the  right  represent 
three  forms  the  energy  took,  viz.,  unex- 
pended fall,  pressure  head,  and  velocity 
head.  Corresponding  to  these  were  three 
classes  of  water  motors. 

I.  Cell  or  bucket  wheels  utilized  the 
energy  of  an  unexpended  part  of  the  fall. 
They  were  simple,  had  a  fairly  high  effi- 
ciency, but  were  applicable  only  in  a 
limited  range  of  fall,  and  were  cumbrous. 
They  had  one  good  point,  that  the  effi- 
ciency varied  little  with  a  varying  water 
supply. 

II.  There  were  water-pressure  engines, 
which  utilized  water  pressure,  just  as  a 
steam    engine   utilized   steam    pressure. 

*  Abstract  of  a  paper  read  before  the  Institution 
of  Civil  Engineers. 


Water-pressure    engines   were    used    in 
mining   districts,    and   hydraulic   cranes 
and  hoists  were   machines   of  the  same 
kind.     Still  it  was  not  generally  best  to 
utilize  water  power   in   this   way.     The 
reasons  that  a  cylinder  and  piston  acted 
so  well  with  steam,  and  less  well  with 
water,    were    these :    (1)  The    frictional 
losses  in  fluids  were  proportional  to  their 
weight  for  equal  velocities  of   flow.     If 
j  water  were  500  times  heavier  than  steam, 
|  then  the  friction  at  given  velocities  would 
I  be  500  times  greater.     Hence  the  piston 
i  speeds,  which  might  be  400  ft.  or  500  ft. 
I  per  minute  in  a  steam  engine,  were  rare- 
j  ly  greater  than  60  ft.  in  a  water-pressure 
'  engine.     In  the  pipes  the  steam  might 
|  flow  at  100  ft.  per  second,  but  water  only 
at  6  ft.  to  10  ft.     Hence  the  water-press- 
iure  engine   was   much   more   cumbrous 
|  than  a  steam  engine.     (2)  From  the  in- 
compressibility  of  water,  the  same  vol- 
ume was  used  in  a  pressure  engine,  what- 
|  ever   the   amount   of  work  to  be  done. 
The  system  of  hydraulic-pressure-mains, 
introduced   by   Sir   W.  Armstrong,  had 
\  proved  entirely  successful  for   intermit- 
|  tent   work,  such  as   lifting,  but  not   so 
successful  for  ordinary  power  purposes. 
Probably  the  reason  was  that  the  con- 
sumption  of  water  in   pressure  engines 
was   extravagant.      The   only  engine  in 
which  the  consumption  of  water  varied 
with  the  work  to  be  done  was  in  that  in- 
vented by  Mr.  Hastie,  and  which,  in  an 
improved  form,  was  being  introduced  in 
London  by  Mr.  Ellington.     In  this,  by 
automatic  gear,  the  stroke  of  the  engine 
was   lengthened   till  the  resistance  was 
just   overcome.       (3)  There   were  other 
difficulties  which  arose  out  of  the  weight 
and  incompressibility  of  the  water.    The 
whole  column  of  water  between   the  en- 
gine  and  the  sujDply-reservoir  virtually 
formed   part    of    the    piston,   so    that   a 
pressure  engine  had  a  very  heavy  piston, 
and  this  in  general  tended  to  render  the 
effective  effort  variable.     In  certain  cases 
the  action  of  the  friction  and  inertia  of 
the   water  were  favorable   to   particular 
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operations.  Mr.  Tweddell's  hydraulic 
riveter  furnished  an  example  of  a  ma- 
chine in  which  the  inertia  of  the  parts 
was  virtually  that  of  300  tons  acting  at 
the  riveter-ram.  To  control  such  a  mass, 
powerful  brake  action  was  necessary,  and 
this  was  supplied  by  the  automatic  action 
of  the  friction  of  the  water  in  the  sup- 
ply pipe.  The  friction,  while  preventing 
the  velocity  becoming  excessive  in  the 
early  part  of  the  stroke,  when  there  was 
little  resistance,  diminished  when  the 
velocity  was  checked  in  closing  the  rivet, 
and  allowed  the  development  of  a  high 
effective  pressure  at  the  end  of  the 
stroke. 

III.  There  were  motors  in  which  the 
head  was  allowed  to  take  the  form  of 
energy  of  motion,  and  in  which  the 
water  acted  in  virtue  of  its  inertia.  It 
was  first  necessary  to  consider  in  what 
way  this  energy  might  be  wasted.  There 
was  a  waste  of  energy  if  the  water  broke 
up  into  eddies  or  irregular  motions. 
Energy  might  be  rejected  from  the  ma- 
chine into  the  tail  race,  and  lastly,  energy 
was  lost  in  friction  against  the  surfaces 
of  the  machine.  In  a  good  motor  the 
loss  due  to  breaking  up  could  be  almost 
completely  avoided,  if  the  passages 
changed  gradually  in  section,  if  the  sur- 
faces had  continuous  curvature,  and  if 
the  inclination  of  the  receiving  edges  of 
the  vanes  was  in  the  direction  of  rela- 
tive motion.  The  loss  due  to  rejection 
of  energy  could  also  be  made  very  small, 
but  by  reducing  this  beyond  a  certain 
point,  the  loss  from  skin  friction  was  in- 
creased. 

The  nature  of  a  turbine  would  be  best 
understood  by  considering  first  some 
simpler  machines.  In  an  ordinary  under- 
shot wheel  about  25  per  cent,  of  energy 
was  rejected  into  the  tail  race  and  about 
25  per  cent,  was  lost  in  shock,  besides 
the  losses  due  to  shaft  friction  and  leak- 
age. Suppose  that  instead  of  striking 
normally  a  flat  float  the  water  struck  a 
hollow  cup.  Then  both  the  losses  in 
shock  and  in  energy  rejected  were  great- 
ly reduced.  An  interesting  motor  of 
this  kind  had  been  introduced  in  Cali- 
fornia. Water  power  was  there  obtained 
from  canals  or  ditches  built  to  supply 
the  mines,  at  elevations  of  from  1,000  ft. 
to  3,000  ft.  above  the  valley.  The  fall 
was  too  great  for  an  ordinary  turbine, 
and  a  kind  of  undershot  wheel  with  cup- 


shaped  floats  was  used.  Thus,  at  the 
Idaho  mines,  seven  of  these  wheels  were 
used,  working  to  320  horse-power.  The 
water  was  brought  in  a  22in.  wrought 
iron  main,  the  head  being  542  ft.  The 
water  was  delivered  on  to  the  wheels 
from  nozzles  J-fin.  to  lyfin.  in  diameter. 
These  wheels  were  said  to  give  80  per 
cent,  efficiency,  and  in  the  special  cir- 
cumstances, where  the  jets  were  of  small 
diameter  under  very  high  pressure,  a 
high  efficiency  was  probably  obtainable. 
Such  a  wheel  was  the  simplest  form  of 
an  impulse  turbine. 

Next,  consider  a  machine  well  known 
at  one  time  as  the  Scotch  turbine.  The 
water,  entering  the  center  of  the  wheel, 
was  discharged  from  tangential  jets,  and 
drove  the  wheel  by  reaction.  The  water 
issuing  from  the  jets  had  a  backward 
velocity,  and  energy  was  therefore  re- 
jected. It  was  the  study  of  a  wheel  of 
this  kind  which  led  Fourneyron  to  the 
invention  of  the  turbine.  Fourneyron 
saw  that  the  only  way  of  reducing  the 
backward  velocity  of  discharge,  and  to 
prevent  the  waste  of  energy,  was  to  give 
the  water  an  initial  forward  velocity.  The 
Fourneyron  turbine  was  a  reaction  wheel 
in  which  initial  forward  velocity  was 
given  by  fixed  curved  guide-blades.  In 
the  Fourneyron  turbine,  the  water  de- 
scending into  the  center  of  the  wheel  is- 
sued radially  outwards.  Its  greatest  de- 
fect was  the  form  of  the  regulating- 
sluice,  which  diminished  seriously  the 
efficiency  for  diminished  water  supply. 
It  was  followed  by  the  Jonval  turbine,  in 
which  the  water  flowed  parallel  to  the 
axis,  and  by  the  inward-flow  turbine  first 
perfected  by  Professor  James  Thomson. 
In  the  ample  space  outside  an  inward- 
flow  turbine,  better  regulating  apparatus 
could  be  arranged  than  with  any  other 
form. 

In  all  turbines  as  first  constructed,  the 
water  issued  from  the  guide  blades  with 
a  velocity  less  than  that  due  to  the  head, 
and,  therefore,  there  was  a  pressure  in  the 
clearance  space  between  the  guide  blades 
and  the  wheel,  and  such  turbines  were 
called  pressure  turbines. 

M.  Girard  was  the  first  to  receive  the 
advantage  of  departing  from  Fourney- 
ron's  practice,  and  to  allow  the  water  to 
enter  the  wheel  with  the  whole  energy 
of  motion  due  to  the  head.  Such  tur- 
bines were  called  impulse  turbines.      In 
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pressure  turbines  the  water  must  enter 
the  whole  circumference  of  the  wheel 
simultaneously,  and  fill  the  wheel  pass- 
ages, or  the  pressure  in  the  clearance 
space  could  not  be  maintained.  Further, 
there  must  be  rate  of  flow  through  the 
wheel  to  maintain  the  distribution  of ' 
pressure  and  velocity  for  which  the  tur- 
bine was  designed.  In  impulse  turbines 
each  particle  of  water  acted  for  and  by 
itself;  the  wheel  passages  were  not 
filled,  and  the  water  might  be  shut  off 
from  any  part  of  the  wheel  circumfer- 
ence without  affecting  the  action  of  the 
water.  Regulation  was  therefore  easier 
in  impulse  than  in  pressure  turbines. 

The  consideration  of  the  action  of 
water  in  a  turbine  was  facilitated  by  re- 
placing the  turbine  wheel  by  a  turbine 
rod,  that  was  by  supposing  the  turbine 
to  have  straight  instead  of  circular  mo- 
tion. From  such  a  rod,  the  transition 
to  the  case  of  a  turbine  wheel  by  simple 
projection  was  easy.  The  water  enter- 
ing vertically,  was  deflected  by  fixed 
guide  blades,  till  it  had  a  horizontal 
velocity,  Wi  ;  it  then  entered  the  wheel, 
the  vanes  of  which  were  so  placed  as  to 
receive  it  without  shock,  and  was  devi- 
ated back  to  a  vertical  direction,  having 
given  up  all  its  horizontal  energy  of  mo- 
tion.    Hence,  applying  Newton's  second 

law  —  was  the  horizontal  pressure  driv- 
ing the  wheel  due  to  each  pound  per 
second  of  water.  But  V  being  the 
velocity  of  the  wheel,  the  work  done  on 

Wi  V 

the  wheel,  — - —  foot-pounds  per  second. 

9 

Now   the   work  might   also   be   written 


;/  H,  where  H  was  the  effective  fall,  and 
11  the  efficiency.     Hence 

_  =  „H 

was  the  fundamental  equation  in  design- 
ing a  turbine. 

There  was  one  point  in  the  action  of  a 
turbine  which  was  unfavorable.     The  ef- 
ficiency  varied  with  the   speed.     There 
was  a  speed  of  maximum  efficiency.    But 
with    pressure    turbines    the    speed   of 
maximum  efficiency  diminished  with  the 
I  closing  of  the  sluice.     Now,  in  general,  a 
turbine  must  be  run  at  one  speed.     H  it 
was   run   at   the  speed  of  greatest  effi- 
;  ciency  for  a  full  sluice,  then  for  a  partial- 
ly closed   sluice  the   efficiency   was   re- 
duced both  by  the  action  of  the  sluice 
!  and  by  the  fact  that  the  speed  was  not 
|  the  best  for  that  position  of  the  sluice. 
j  In  the  mode  of  regulating  turbines  great 
differences    of     efficiency     arose.       The 
worst   mode    of    regulation    was    by    a 
throttle  valve,  which  acted  by  destroying 
j  part  of  the  head.     Next  to  this  perhaps 
;  the  worst  was  the  circular  sluice,  used 
with   the   Foumeyron    turbine.       Some 
1  modern   turbines  gave,    in    experiments 
!  which    appeared   to   be    reliable,    much 
!  better  results.     The  best  mode  of  regu- 
lation  for   a    pressure   turbine    was  by 
means  of  movable  guide-blades,  invented 
by    Professor   James    Thomson.      In   a 
Girard   turbine    the  regulation  was  not 
so  difficult,  and  results  of  an  experiment 
earned  out  under  the  direction  of  Pro- 
fessor Zeuner  on  a  200  horse-power  Gir- 
|  ard  turbine  gave  79.5  per  cent,  efficiency 
with  full  sluice,  and  80.1  per  cent,  with 
half  sluice. 
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In  January,  1853,  a  paper  upon  Timber 
Preserving  was  contributed  to  this  Insti- 
tution by  the  author's  partner,  the  late 
Mr.  Henry  Potter  Burt,  Assoc.  Inst. 
C.  E.  Since  that  date,  the  use  of  Anti- 
septics for  the  treatment  of  timber  has 
largely  increased,  and  is  year  by  year  in- 
creasing. For  engineering  purposes,  the 
process  called  creosoting,  which  consists 


in  the  injection  of  the  coal-tar  oils,  has 
in  this  kingdom  entirely,  and  in  other 
countries  to  a  very  considerable  extent, 
displaced  the  other  well-known  meth- 
ods. 

Concurrently  with  this  development,  a 
series  of  remarkable  discoveries  in 
chemical  science  has  raised  the  manufac- 
tures connected  with  the  residual  prod- 
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nets  of  gas-making  to  a  position  of  great 
and  growing  importance. 

It  is  proposed  in  the  present  paper, 
to  give  a  short  account  of  the  history 
and  development  of  the  nse  of  antiseptics 
for  preventing  the  decay  of  timber.  A 
reference  to  the  processes  employed  in 
coal-tar  distillation  will  be  pertinent  to 
the  subject,  in  so  far  as  it  will  indicate 
what  are  and  have  been  the  usual  con- 
stituents of  the  tar  oils  used  for  inject- 
ing wood.  The  author  proposes  to  add 
some  results  derived  from  his  thirty-four 
years'  experience  in  connection  with  this 
group  of  manufactures,  together  with  the 
outcome  of  some  research,  and  of  a  num- 
ber of  experiments  specially  undertaken 
with  a  view  to  the  elucidation  of  ques- 
tions referred  to  in  the  paper. 

EAELY  HISTORY  OF  TIMBER    PRESERVING. 

Timber  was  naturally  the  first  ma- 
terial employed  by  man  for  the  purposes 
of  constructive  engineering.  If  it  be 
true  that  the  first  models  of  Grecian 
architecture  were  copied  from,  and  re- 
tained some  of  the  distinctive  features 
of,  buildings  in  wood,  then  may  still  be 
seen  recorded,  upon  the  columns  of  the 
five  great  orders  of  architecture,  proofs 
that  the  Greeks  or  their  precursors  took 
special  expedients  to  preserve  timber 
from  decay.  The  wooden  pillar  was 
placed  upon  a  block  of  stone  to  pre- 
serve it  from  the  humidity  of  the  soil, 
and  it  was  covered  at  the  top  by  a  slab 
or  tile  to  throw  off  the  rain.  These 
contrivances  are  supposed  to  have  been 
copied  in  the  base  and  capital  of  the 
column,  when  wood  came  to  be  replaced 
by  stone.  Scamozzi  imagines  also,  that 
the  mouldings  represent  metal  hoops, 
placed  around  the  wooden  pillars  to  pre- 
vent them  from  splitting. 

Allusions  to  various  substances  em- 
ployed for  preserving  timber  and  other 
vegetable  fibers  from  decay,  are  frequent 
in  the  writings  of  the  ancients.  Tar  and 
pitch  were  used  for  painting  or  smearing 
wood  from  periods  of  the  most  remote 
antiquity.  Greek  and  Roman  authors 
narrate,  that  the  astringent  portions  of 
the  oil  expressed  from  olives  (Amurca 
16),  also  oils  derived  from  the  Cedar, 
the  Larch,  the  Juniper  and  the  Nard- 
Bush  (Valeriana)  were  used  for  the  pres- 
ervation of  articles  of  value  from  decay, 
or    from  the   attacks   of    insects.      The 


magnificent  statue  of  Zeus  by  Phidias 
was  erected  in  a  grove  at  Olympus  where 
the  atmosphere  was  damp  ;  the  wooden 
platform  upon  which  it  stood  was  there- 
fore imbued  with  oil.  The  famous  statue 
of  Diana  at  Ephesus  was  of  wood.  If 
its  origin  was  believed  to  be  miraculous, 
no  standing  miracle  was  relied  on  for  its 
preservation.  Pliny  asserts  upon  the 
authority  of  an  eye-witness,  Mucianus, 
that  it  was  kept  saturated  with  oil  of 
Nard  by  means  of  a  number  of  small 
orifices  bored  in  the  woodwork.  The 
same  author  remarks  that  wood  well 
rubbed  with  oil  of  Cedar,  is  proof  aginst ' 
wood-worm  and  decay.  The  art  of  ex- 
tracting and  preparing  oils,  resins,  tar 
and  pitch  from  various  trees  and  plants, 
and  from  mineral  deposits,  is  mentioned 
by  Herodotus,  and  at  great  length  by 
Pliny.  This  last  author  describes  in  de- 
tail, the  manufacture  of  no  less  than 
forty-eight  different  kinds  of  oils.  Of 
the  employment  of  the  oxides  or  salts  of 
metals  by  the  ancients,  for  wood  preserv- 
ing, there  is  no  direct  evidence. 

EGYPTIAN  MUMMIES. 

Of  all  the  methods  employed  by  man- 
kind for  the  artificial  preservation  of  or- 
ganized substances,  there  are  perhaps 
none  which  have  equaled  in  success  the 
processes  of  the  ancient  Egyptians.  The 
durable  results  of  these  processes  are 
amazing,  and  although  the  topic  is  a 
hackneyed  one,  it  is  nevertheless  insep- 
arably connected  with  the  subject  of  this 
paper.  The  descriptions  by  co-temporary 
writers  of  the  Egyptian  art  of  embalming 
the  dead  are  somewhat  conflicting ; 
moreover,  they  do  not  adequately  explain 
the  appearances  presented  by  many  of 
the  mummies  themselves.  The  bodies 
are  said  to  have  been  imbued,  either  with 
resinous  or  odoriferous  gums,  or  more 
frequently  with  bitumen  or  with  oil 
of  cedar,  or  commonly  with  natrum, 
and  often  with  several  of  these  sub- 
stances in  succession.  So  far,  these 
statements  are  confirmed  by  modern 
investigation.  By  reading  Herodotus 
and  Diodorus  Siculus,  however,  it 
would  perhaps  seem  that  the  body 
was  first  steeped  in  the  natrum  for 
seventy  days,  and  then  subjected  to  the 
oily  or  bituminous  preparation.  In  other 
places  it  might  be  gathered  that  the  oily 
preparation  came  first,  and  the  steeping 
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in  natrum  afterwards.  Without  further 
explanation,  neither  of  these  processes 
would  appear  to  be  practicable.  At 
ordinary  temperatures,  the  steeping  in 
the  one  preparation  would  interfere  with 
the  absorption  of  the  other.  Natrum  is 
supposed  to  have  been  a  natural  sub- 
stance, obtained  from  some  briny  lakes, 
still  existing  in  the  neighborhood  of 
Cairo,  and  consisting  principally  of  a 
mixture  of  sodium-sesqui-carbonate,  so- 
dium-chloride and  sodium- sulphate.  Kou- 
yer,  who  accompanied  the  army  of  Napo- 
leon to  Egypt  in  1798,  expressed  his 
conviction  that  the  mummies  had  been 
placed  in  ovens  in  order  to  eliminate 
moisture,  and  to  facilitate  the  penetra- 
tion of  the  bitumen.  But  no  ancient  au- 
thor mentions  any  such  process,  nor  is 
there  any  record  of  it  amongst  the 
numerous  and  detailed  pictorial  repre- 
sentations which  have  beeu  discovered  in 
tombs  and  temples. 

Pettigrew,  in  his  valuable  work  on 
this  subject,  whilst  giving  the  results  of 
his  examination  of  various  mummies,  and 
of  analyses  of  embalming  materials,  ex- 
presses his  opinion  that  the  bodies  must 
have  been  subjected  to  a  very  consider- 
able degree  of  heat,  as  even  the  inmost 
structure  of  the  bones  is  penetrated  by 
the  antiseptics.  By  some  it  has  been 
supposed  that  this  was  effected  by  steep- 
ing the  body  in  a  cauldron  of  heated 
bitumen.  Pettigrew's  most  striking  ex- 
periment was  made  writh  the  heart  of 
a  mummy,  from  which  he  succeeded  in 
withdrawing  by  maceration  the  preserva- 
tive substances,  when,  after  3,000  years  of 
perfect  preservation,  the  heart  began  at 
once  to  putrefy.  This  is  a  striking  proof, 
both  of  the  efficacy  of  the  substances 
employed,  and  also  of  the  fact,  that  the 
immunity  from  decay  was  not  due  to  a 
chemical  transformation  produced  once 
for  all,  but  that  it  depended  upon  the 
abiding  presence  of  the  antiseptic.  In 
recent  anatomical  practice,  carbolic  acid 
has  been  used  for  injecting  bodies  for 
purposes  of  dissection.  When  this  is 
done,  however,  it  is  found  necessary  to 
renew  the  process  after  the  lapse  of  a  few 
weeks,  a  contrast  to  the  antiseptics  em- 
ployed by  the  Egyptians.  Pettigrew's 
description  showed  that  the  worst  pre- 
served of  the  mummies  are  those  pre- 
pared with  natrum  alone,  the  most  per- 
fect being  those  in  which  solid  resins  or 


bitumens  remain  incorporated.  Natrum 
is  frequently  found  accompanying  the 
bitumen  in  some  of  the  most  successfully 
preserved  specimens.  It  is  probable  that 
some  astringent  or  other  substances  were 
also  used,  the  secret  of  which  has 
hitherto  eluded  modern  investigation. 

The  author  has  caused  some  experi- 
ments to  be  made  with  pieces  of  timber, 
in  order  to  test  a  theory  which  suggested 
itself  to  his  mind.  The  wood  was  first 
thoroughly  impregnated  with  a  mixed 
solution  of  the  three  salts  of  sodium  of 
which  the  natrum  brine  is  composed. 
Afterwards  the  wood  was  steeped  in  tar 
oil,  heated  to  230°  Fahrenheit.  The  heat 
of  the  tar  oil  volatilized  the  water  of  the 
soda  solution,  and  the  oil  took  the  place 
of  the  water.  The  timber  remained  im- 
pregnated with  the  saliue  particles,  and 
saturated  with  the  tar  oil.  May  not  this 
have  been  the  method  used  by  the  Egyp- 
tians to  impregnate  both  with  natrum 
and  oils  ? 

There  is  no  doubt  that  the  ancients 
had,  by  observation  and  experience,  ac- 
quired considerable  practical  knowledge 
of  antiseptic  substances.  They  were 
also  of  opinion  that  those  woods  lasted 
the  longest  which  were  most  odoriferous, 
or,  in  other  words,  those  which  contained 
the  greatest  quantity  of  resin.  They 
knew  that  timber  continually  kept  under 
water  was  less  liable  to  decay  than  when 
exposed  to  the  atmosphere.  They  ob- 
served the  ravages  of  the  Teredo  navalis 
upon  timber  placed  in  the  sea.  But  it  is 
useless  to  seek  amongst  the  writings  of 
the  elder  Classics  for  any  reasonable  the- 
ory in  explanation  of  these  phenomena. 

Growth  of  theories  upon  the  causes  of 
Putrefaction. — It  is  not  until  the  eight- 
eenth century  of  the  present  era  that 
anything  beyond  the  merest  trace  can  be 
detected  of  serious  analytical  research 
into  the  causes  of  decomposition.  After 
the  fanciful  dreams  of  the  alchemists 
had  been  dissipated,  the  more  solid  por- 
tion of  their  labors,  facts  arrived  at  in 
the  course  of  their  experiments,  remained 
for  the  uses  of  science.  Investigations 
were  undertaken  respecting  the  phe- 
nomena of  fermentation  and  of  putrefac- 
tion, animal  and  vegetable.  It  was  at 
one  time  declared  that  putrefaction  was 
due  to  the  escape  of  an  element  called 
phlogiston,  an  imaginary  substance  which 
was  believed  in  by  such  eminent  chem- 
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ists  as  Scheele,  the  discoverer  of  chlor- 
ine, and  Dr.  Priestley,  the  discoverer  of 
oxygen.  Later  on  Dr.  Macbride  pro- 
pounded a  theory  that  carbonic  acid  gas 
had  a  special  power  of  promoting  cohe- 
sion, and  that  putrefaction  was  due  to 
its  being  given  off.  None  of  these  the- 
ories explained  why  putrefaction  did  not 
attack  the  tissues  until  after  the  vital 
movement  had  ceased.  By  the  com- 
mencement of  the  present  century,  how- 
ever, it  began  to  be  generally  believed 
that  the  putrefaction,  at  least  of  vege- 
table matter,  was  a  species  of  fermenta- 
tion, although  it  was  not  admitted  that 
ferments  of  any  kind  were  the  products 
of  living  organisms.  Little  by  little  the 
similarity  of  the  natural  processes  con- 
nected with  the  fermentation  of  aliment- 
ary substances,  the  decay  of  vegetable 
tissues,  and  the  putrefaction  of  the 
bodies  of  animals  began  to  be  recog- 
nized ;  and,  to  the  great  advantage  of 
scientific  progress,  these  three  classes  of 
phenomena  have  ever  since  been  studied 
in  close  connection  with  each  other. 

In  the  meantime  practice  stole  a  march 
upon  theory.  About  the  year  1770  Sir 
John  Pringle  published  a  list  of  anti- 
septics, in  which  example  he  was  followed 
by  Dr.  Macbride.  Many  of  the  substances 
proposed  by  these  and  other  theorists, 
particularly  the  alkaline  bodies,  are  abso- 
lutely injurious  to  timber.  But  towards 
the  close  of  the  last  century  and  at  the 
beginning  of  the  present,  experiment 
was  greatly  stimulated  by  the  wants  of 
the  British  navy.  During  the  colossal 
struggles  of  Great  Britain  with  hosts  of 
adversaries,  the  very  existence  of  the 
nation  appeared  to  be  staked  upon 
her  fleets.  The  great  prevalence  of  dry- 
rot  in  the  timbers  of  British  men-of- 
war  assumed  the  proportions  of  a  na- 
tional calamity.  It  was  said  that  a  single 
70-gun  ship  required  for  its  construction 
the  oak  of  40  acres  of  forest,  and  that 
the  supply  would  fail.  It  was  in  1812 
that  Lukin  tried,  in  the  VYoolwich 
Dockyard,  his  disastrous  experiment 
with  the  injection  of  resinous  vapors. 
More  practical  suggestions  were  soon 
forthcoming,  and  the  use  of  the  salts  of 
various  metals  began  to  be  recommend- 
ed. Sir  Humphrey  Davy  suggested  cor- 
rosive sublimate ;  Thomas  Wade  (in 
1815),  the  salts  of  copper,  iron,  and 
zinc.     The  opinion   gained  ground  that 


poisons    of     various     kinds    were    cor- 
rectives to  the  decay  of  timber. 

From  the  year  1768  up  to  the  pres- 
ent time,  the  records  of  the  Patent 
Office  contain  lists  of  almost  every 
conceivable  antiseptic,  suitable  or  un- 
suitable, for  the  preservation  of  wood. 

Progress  during  the  Hallway  Era. — 
But  it  is  since  the  birth  and  growth  of 
the  railway  system  that  the  antiseptic 
treatment  of  timber  may  be  said  to  have 
received  its  most  important  development. 
The  stone  blocks  and  other  solid  sup- 
ports, at  first  used  for  the  permanent  way 
of  railways,  were  found  to  be  too  rigid, 
and  had  to  be  replaced  by  a  more  elastic 
material.  The  wooden  sleepers  which 
were  substituted  decayed  so  rapidly  that 
some  artificial  method  for  prolonging 
their  duration  began  to  be  considered  as 
an  engineering  necessity.  By  the  year 
1838,  four  several  systems  of  antiseptic 
treatment  were  fairly  before  the  public, 
and  competingjfor  the  favor  of  engineers. 
These  were :  Corrosive  sublimate,  intro- 
duced by  Mr.  J.  H.  Kyan ;  sulphate  of 
copper,  by  Mr.  J.  J.  Lloyd  Margary ; 
chloride  of  zinc,  by  Sir  William  Burnett ; 
heavy  oil  of  tar  (afterwards  called  creo- 
sote), by  Mr.  John  Bethell. 

Corrosive  Sublimate,  or  bi-chloride  of 
mercury,  was  successfully  used  by  Hom- 
berg,  a  French  savant,  in  1705,  for  pre- 
serving wood  from  insects.  It  was  rec- 
ommended by  De  Boissieu  in  1767.  In 
1730  the  Dutch  Government  tried  it  upon 
wood  immersed  in  sea  water  as  a  remedy 
against  the  Teredo  navalis,  but  for  this 
purpose  it  failed.  In  the  "  Encyclopse- 
dia  Britannica,"  in  1824,  it  is  recorded 
that  Sir  Humphrey  Davy  recommends  its 
use  for  timber.  Kyan's  first  patent,  for 
the  employment  of  corrosive  sublimate 
for  wood-preserving  was  taken  out  in 
1832.  His  first  success  was  gained  by 
the  preservation  of  the  woodwork  of  the 
Duke  of  Devonshire's  conservatories. 
Kyanizing  was  for  a  long  time  by  far  the 
most  popular  of  the  timber -preserving 
processes  in  this  country,  and  the  name 
is  to  this  day  frequently  applied  erron- 
eously to  other  systems.  Used  in  sea- 
water,  however,  by  the  British  Admiralty, 
this  process  turned  out  a  failure,  as  it 
had  done  under  similar  circumstances 
with  the  Dutch  government  a  century 
earlier.  Kyanizing  has  met  with  a  con- 
siderable amount  of  success  in  compara- 
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tively  dry  situations  ;  but  in  water,  and 
particularly  in  sea-water,  it  appears  to 
have  invariably  failed,  as  have  all  the 
salts  of  metals.  Corrosive  sublimate  is 
somewhat  volatile  at  ordinary  tempera- 
tures ;  it  also  has  the  drawback  of  pro- 
ducing injurious  effects  upon  the  work- 
men employed  in  handling  it. 

Sulphate  of  copper. — The  use  of  this 
and  of  other  salts  of  copper  was  recom- 
mended by  De  Boissieu  and  by  Borden- 
ave  in  1767.  and  bv  Thomas  Wade  in 
1815.  In  1837  Mr.  Margary  took  out  a 
patent  for  the  use  of  sulphate  and  asce- 
tate  of  copper.  Sulphate  of  copper  has 
perhaps  been  the  most  successful  of  all 
the  metallic  salts  as  an  antiseptic  for 
timber.  Applied  in  various  ways  it  was 
popular  in  France  long  after  it  had  been 
given  up  in  this  country.  It  is  still  in 
use  in  France,  to  a  limited  extent,  for 
sleepers  and  telegraph  poles. 

Chloride  of  zinc. — This  was  recom- 
mended by  Thomas  "Wade  in  1815,  and 
by  Dr.  Boucherie  in  1837  ;  and  a  patent 
for  its  application  was  taken  out  in  this 
country  by  Sir  William  Burnett  in  1838. 
The  process  of  Burnettizing  was  at  one 
time  much  patronized  by  the  British  Ad- 
miralty. For  railway  sleepers  it  was  ex- 
tensively adopted  in  France  by  the  au- 
thor's nrm,  principally  on  the  railways 
from  Orleans  to  Bordeaux,  and  from  Caen 
to  Cherbourg.  It  is  no  longer  used  in 
France,  but  it  is  still  employed  in  Hol- 
land and  in  Germany.  Chloride  of  zinc 
is  a  powerful  antiseptic,  but  its  weak 
point  for  wood-preserving  consists  in  its 
extreme  solubility  in  water. 

Heavy  oils  of  Tar,  commonly  called 
Creosote. — As  early  as  1756  attempts 
were  made,  both  in  England  and  Ameri- 
ca, as  described  by  Knowles,  to  inject  or 
impregnate  timber  with  vegetable  tars  or 
with  extracts  therefrom.  The  first  men- 
tion of  the  products  of  the  distillation  of 
gas-tar,  to  be  used  separately  for  impreg- 
nating timber,  appears  to  be  by  Franz 
Moll.  This  inventor  took  out  a  patent 
in  1836  for  injecting  wood  in  closed  iron 
vessels  with  the  oils  of  coal-tar  first  in  a 
state  of  vapor,  and  next  with  the  heated 
oils  in  the  ordinary  liquid  state.  He  rec- 
ommended the  adoption  both  of  the  oils 
lighter  than  water,  and  of  the  oils  heavier 
than  water,  calling  the  former  "  Eupion,"' 
and  the  latter  "Kreosot."  He  relied 
upon  the  Kreosot  for  its  antiseptic  quali- 
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ties,  but  proposed  to  use  the  light  oils 
separately,  at  the  commencement  of  the 
operation,  for  the  purpose  of  facilitating 
the  absorption  of  the  heavy  oil.  This 
plan  has  never  been  acted  upon,  as  it 
would  be  obviously  wasteful  and  unprac- 
tical to  inject  the  lighter  oils,  or  crude 
naphthas,  which  would  immediately  evap- 
orate. 

The  practical  introduction  of  the  proc- 
ess is  due  to  Mr.  John  Bethell.  His  now 
celebrated  patent,  which  is  dated  July, 
1838,  does  not  mention  the  words  "  Cre- 
osote "  or  "  Creosoting.'"  It  contains  a 
list  of  no  less  than  eighteen  various  sub- 
stances, mixtures  or  solutions,  oleagi- 
nous, bituminous,  and  of  metallic  salts. 
(  Amongst  them  is  mentioned  a  mixture 
consisting  of  coal-tar  thinned  with  from 
,  one-third  to  one-half  of  its  quantity  of 
dead  oil  distilled  from  coal-tar.  This  is 
the  origin  of  the  so-called  Creosoting 
process.  Creosote,  correctly  so  called,  is 
the  product  of  the  destructive  distilla- 
tion of  wood,  and  coal-tar  does  not  con- 
tain any  of  the  true  Creosote,  which  has 
never  been  used  for  timber-preserving. 
But  a  substance,  since  called  carbolic 
acid,  or  phenol,  had  been  discovered  in 
coal-tar ;  it  was  thought  by  some  to  be 
identical  with  the  Creosote  of  wood, 
hence  the  process  came  to  be  miscalled, 
after  a  time  the  creosoting  process.  It 
is  in  this  popular  sense  only  that  the 
word  Creosote  is  to  be  understood  in  the 
remainder  of  this  paper.  The  two  sub- 
stances, Creosote  and  Carbolic  acid,  are 
described  and  contrasted,  and  their  vary- 
ing properties  delineated  in  Dr.  Tidy's 
"Handbook  of  Chemistry." 

Competition  of  the  Processes — Theory 
of  Eremacausis. — In  addition  to  the 
four  processes  already  mentioned,  a  pat- 
ent for  a  fifth  was  taken  out  by  Mr. 
Charles  Payne  in  1846.  His  plan  con- 
sisted in  the  injection  into  the  timber, 
first  of  a  solution  of  a  sulphuret  of  bariurn 
or  calcium,  and  next  of  a  solution  of 
sulphate  of  iron,  the  object  being  to  form 
an  insoluble  sulphuret  in  the  pores  of 
the  wood.  This  process  was  tried  to 
some  extent  both  in  England  and  in 
France,  but  it  was  a  complete  failure,  and 
is  mentioned  only  by  way  of  reference. 

From  1838  to  "1853,  at  which  last  date 
the  paper  of  Mr.  H.  P.  Burt  was  read  at 
this  institution,  the  four  processes,  Kyan- 
izing,    Margaryizing,    Burnettizing    and 
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Creosoting  had  been  in  active  competi- 
tion. The  prevailing  theory  at  that  time 
as  to  the  causes  of  the  decay  of  timber 
was  shaped  by  the  opinions  of  the  great 
chemist  Liebig.  Liebig  ta Light  that  the 
processes  of  fermentation  in  certain  fluids 
and  of  the  putrefaction  or  decay  of  or- 
ganized bodies,  animal  and  vegetable, 
were  caused  by  a  species  of  slow  com- 
bustion, to  which  he  applied  the  term 
eremacausis.  He  held  that  this  decom- 
position could  be  produced  by  contact 
with  portions  of  other  bodies  already  un- 
dergoing eremacausis.  That  it  required 
for  its  ordinary  development  the  pres- 
ence of  moisture  and  of  atmospheric  air; 
that  its  action  was  provoked  by  oxygen, 
and  that  its  method  of  action  was  by  a 
communication  of  motion  from  the  atoms 
of  the  infecting  ferment  to  the  atoms  of 
the  body  infected.  He  denied  that  fer- 
mentation, putrefaction  and  decomposi- 
tion were  caused  by  fungi,  animalcules, 
parasites  or  infusoria,  although  these  or- 
ganisms might  sometimes  be  present 
during  the  processes. 

But  he  also  stated  that  the  phenomena 
of  decomposition  might  be  suspended  by 
extreme  heat  or  cold,  that  they  were  ac- 
celerated by  the  action  of  alkalies,  and 
retarded  by  that  of  acids,  and  that  they 
might  be  arrested  by  the  use  of  certain 
antiseptics.  If,  however,  the  theory  of 
eremacausis  be  accepted,  and  if  its  phe- 
nomena be  due  entirely  to  a  communica- 
tion of  molecular  motion,  and  not  at  all 
to  the  action  of  living  germs,  does  any 
adequate  explanation  remain  of  the  ef- 
fects produced  by  antiseptics  ?  With  re- 
gard to  timber,  theorists  were  ready 
with  an  answer  to  this  question,  and  they 
deduced  their  theories  from  further 
teachings  of  the  great  German  chemist. 
Liebig,  enlarging  upon  the  views  of  pre- 
vious investigators,  had  proclaimed  the 
identity  in  composition  of  the  animal  and 
vegetable  albumens.  The  blood  of  ani- 
mals and  the  sap  of  plants  are,  during 
life,  the  circulating  media  of  the  vital 
growth ;  after  death  they  are  the  por- 
tions of  the  respective  bodies  which  pu- 
trefy most  rapidly ;  both  are  largely  com- 
posed of  albumen.  The  sap  freshly 
drawn  from  a  tree  will  commence  to  pu- 
trefy within  twenty-four  hours.  It  was 
proclaimed  (although  probably  not  by 
Liebig),  that  the  coagulation  of  the  al- 
bumen was  the  true  specific  against  the 


decay  of  wood.  Corrosive  sublimate, 
sulphate  of  copper,  chloride  of  zinc,  and 
the  tar  oils  were  all  powerful  agents  for 
that  purpose.  It  was  claimed  for  all 
four  of  these  processes  that  they  coagu- 
lated the  albumen  contained  in  the  wood, 
and  that  they  formed  insoluble  compounds 
therein,  thus  arresting  decay. 

Prolonged  experience  has,  however, 
proved  that  the  salts  of  metals  are  not  so 
permanent  in  their  effects  as  the  tar  oils. 
The  discussion  which  took  place  at  this 
institution  in  January,  1853,  upon  the 
occasion  of  the  reading  of  Mr.  Burt's 
paper,  was  an  interesting  one,  and  was 
joined  in  by  most  of  the  leading  engi- 
neers of  the  country.  Whilst  the 
other  processes  were  admitted,  in  many 
instances,  to  have  done  good  service, 
the  Creosoting  process  was  generally 
held,  after  fifteen  years'  experience,  to 
have  proved  the  most  stable  and  reliable. 
In  many  subsequent  discussions,  the  pro- 
longed duration  of  creosoted  timber  had 
been  a  matter  of  constant  and  reiterated 
testimony.  Gradually  the  Creosoting 
process  took  the  place  of  the  others  by 
a  species  of  "survival  of  the  fittest," 
until  in  England  it  entirely  extinguished 
its  rivals.  The  author's  last  experience 
of  Kyanizing  in  England  was  carried  out 
in  1863. 

In  France,  the  Creosoting  process  was 
later  in  establishing  itself,  partly  owing 
to  the  difficulty  which  at  one  time  existed 
in  procuring  Creosote  in  that  country, 
partly,  also,  to  the  popularity  of  the  sul- 
phate of  copper  process,  enhanced,  as  it 
was  by  the  ingenuity  of  the  method  em- 
ployed for  its  injection  by  Dr.  Boucherie. 
But  it  was  discovered  even  in  France, 
and  notwithstanding  the  theories  of  in- 
soluble compounds  being  formed  in  the 
timber,  that  the  salts  of  metals  were 
gradually  washed  out  of  the  wood  in 
moist  situations.  In  1861,  the  French 
chemist  Payen  reported  that  sulphate  of 
copper  could  be  almost  entirely  removed 
from  wood  by  repeated  washings  with 
water,  and  in  1867  he  reported  that  the 
whole  could  be  so  removed.  This  has 
been  confirmed  by  the  testimony  of  Max- 
ime  Paulet. 

The  experiments  of  Mr.  Forestier,  un- 
dertaken for  the  French  Government, 
and  the  prolonged  and  exhaustive  experi- 
ments of  the  Dutch  Government,  are 
conclusive   as  regards   the    efficiency  of 
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creosoting  against  tlie  ravages  of  the 
Teredo  navcUis,  in  eases  where  the  tim- 
ber has  been  efficiently  prepared,  and 
with  a  suitable  kind  of  creosote.  These 
experiments  are  referred  to  in  the  Min- 
utes of  Proceedings  of  this  Institution, 
vol.  xxvii.  The  experiments  undertaken 
by  Mr.  Crepin  on  behalf  of  the  Belgian 
Government,  and  the  independent  testi- 
mony of  many  of  the  leading  engineers 
of  this  country,  have  also  from  time  to 
time  been  brought  to  the  notice  of  this 
Institution,  in  confirmation  of  the  success 
of  the  Creosoting  process  against  the 
ravages  of  marine  insects.  On  the  other 
hand,  there  are  distinct  and  well  authen- 
ticated instances  of  failure.  An  inquiry 
into  the  causes  of  such  failures  is  one  of 
the  main  objects  of  this  paper. 

Origin  and  properties  of  the  Tar  Oils. 
— As  the  tar  oils  gained  in  usefulness, 
their  varying  qualities  became  subjects 
of  increasing  interest.  A  brief  digres- 
sion may  here  be  useful,  in  order  to  show 
the  process  of  manufacture  by  which 
these  tar  oils  are  procured.  It  will  be 
seen  that  froru  coal,  as  it  is  carbonized  at 
the  gasworks,  four  well  known  products 
are  obtained,  viz.,  illuminating  gas,  am- 
moniacal  liquor,  coal-tar.  and  coke.  Gas 
liquor,  or  ammoniacal  liquor  forms 
the  basis  of  a  separate  industry :  the 
ammoniacal  products  are  of  no  utility  f or 
timber  preserving.  The  antiseptic  sub- 
stances are  all  obtained  from  the  distilla- 
tion of  coal  tar.  a  black,  viscous  substance 
of  a  consistency  resembling  treacle.  The 
tar  is  subjected  to  the  heat  of  a  furnace 
placed  beneath  the  still,  the  operation  be- 
ing aided  sometimes  by  the  injection  of 
steam,  sometimes  by  the  application 
of  an  exhausting  air  pump.  The  prod- 
ucts of  distillation  come  over  veiy  nearly 
in  the  order  of  their  respective  volatili- 
ties, those  of  lightest  specific  gravity  be- 
ing followed  in  succession  by  heavier 
and  yet  heavier  ones  as  the  heat  increases. 
The  temperature  during  the  distillation 
ranges  from  ISO'  to  758 :  Fahrenheit. 
This  preliminary  process,  although  now 
earned  out  with  more  skill  and  economy 
than  formerly,  has  not  varied  much  dur- 
ing the  last  fifty  years  in  its  main  object, 
which  is  to  break  up  the  tar  into  three 
groups  of  products,  viz.,  oils  lighter  than 
water  (crude  naphthas) ;  oils  heavier  than 
water,  pitch,  the  residuum  of  distillation, 
which  last  product  is  run   out  from  the 


bottom  of  the  still,  and  solidifies,  upon 
cooling,  into  a  hard,  black  substance.  It 
is  in  connection  with  the  component 
parts  of  the  two  groups  of  oils,  and  their 
separate  and  subsequent  treatment,  that 
some  of  the  best  known  and  most  bril- 
liant discoveries  of  modern  industrial 
chemistry  have  been  developed.  The  oils 
lighter  than  water,  however,  have  no 
part  in  the  preservation  of  timber.  It  is 
not  uncommon  to  hear  inquiries  as  to 
whether  the  discovery  of  the  aniline  dyes 
has  nut,  somehow  or  other,  interfered 
with  the  quality  of  the  Creosoting  liquor. 
There  exists  a  singular  and  unfounded 
prejudice  on  tbis  subject.  The  materials 
for  the  aniline  dyes  are  not,  and  never 
have  been,  taken  from  the  Creosoting 
liquor  or  heavy  oils  ;  they  are  taken  ex- 
clusively from  the  oils  lighter  than  water. 
which  last  have  never  been  employed  for 
the  Creosoting  process,  and  are  value- 
less for  timber-preserving.  The  benzols, 
toluols,  cStC,  from  which  the  aniline  dyes 
are  produced,  are  extremely  volatile,  like 
alcohol. 

The  heavy  oils  of  tar,  or  dead  oils 
heavier  than  water,  constitute  the  "  Cre- 
osote "  of  the  timber  yards.  They  con- 
tain numerous  substances,  some  of  them 
liquid,  some  semi-solid,  varying  consid- 
erably in  their  properties,  but  most  of 
them  are  now  recognized  as  antiseptics. 
Formerly,  the  whole  mass  of  these  heavy 
oils  was  used  for  timber -preserving  as 
they  were  collected  from  the  still,  but 
each  portion  can,  if  required,  be  separ- 
ated as  it  comes  over,  according  to  its 
volatility,  or  the  solid  matters  can  be 
separated  by  filtering,  for  subsequent 
treatment. 

It  has  been  seen  that  Mr.  Bethell's 
original  patent  recommended  the  use  of 
the  mother  liquor,  or  coal  tar,  thinned 
with  a  portion  of  heavy  coal-tar  oil.  So 
late  as  1849,  Bethell's  licenses  for  the 
use  of  his  patent  described  the  process 
as  "  saturating  timber  with  the  oils  ob- 
tained by  the  distillation  of  gas-tar, 
either  alone  or  mixed  with  gas-tar." 
The  author  remembers  how,  in  the  early 
days  of  Creosoting,  inspectors  frequently 
refused  to  allow  the  thinner  and  lighter 
dead  oils  to  be  used  without  being  thick- 
ened with  tar.  Tar,  the  mother  liquor, 
necessarily  included  all  the  substances 
contained  in  the  dead  oils,  plus  the  naph- 
thas and  the  pitch.     The  reasons  for  not 
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adopting  the  tar  in  its  entirety  are  simply 
that  the  crude  naphthas  are  useless  as 
antiseptics,  and  would  immediately  evap- 
orate, whilst  the  pitch,  from  its  too  great 
solidity,  would  form  an  impediment  to 
the  injection.  The  dead  oils,  therefore, 
came  into  use  alone,  and  there  crept  in- 
to some  of  the  specifications  the  contra- 
dictory prescriptions  that  the  wood  was 
to  be  Creosoted  according  to  Bethell's 
patent,  but  that  the  Creosote  was  to  be 
free  from  adulteration  with  coal  tar. 

The  dead  oils  made  in  London,  and  in 
all  places  where  the  tar  is  produced  from 
the  carbonization  of  the  coal  of  the 
Newcastle  district,  are,  as  compared  with 
other  dead  oils,  the  richest  in  semi-solid 
substances  (naphthalene,  anthracene,  py- 
rene,  &c),  and  they  require  a  higher 
temperature  to  volatilize.  They  are  gen- 
erally called  "London  oils."  The  dead 
oils  of  the  Midland  Districts  are  lighter, 
thinner,  and  more  volatile,  and  contain 
usually  a  larger  proportion  of  the  ordi- 
nary tar  acids.  They  are  usually  called 
"  Country  oils.''  The  Scotch  oils  are, 
many  of  them,  still  lighter,  thinner,  and 
more  volatile,  sometimes  lighter  than 
water.  Some  Scotch  oils,  however,  have 
been  proved  to  be  of  excellent  quality. 

As  regards  the  question  of  thick  or 
thin  oils,  there  is  no  doubt  as  to  the 
opinion  and  practice  of  the  earlier  intro- 
ducers of  the  Creosoting  process.  In 
January,  1853,  Mr.  Bethell  stated  that 
"  the  product  of  Newcastle  coal  contained 
a  quantity  of  naphthalene,  and  that  he 
was  an  advocate  for  its  use."  In  Novem- 
ber, 1864,  he  said  that  "  the  Creosoting 
process  was  not,  as  often  described,  a 
chemical  process  entirely " ;  that  Creo- 
sote did  coagulate  albumen  in  the  sap  of 
the  wood ;  "  but  that  was  not  his  only 
idea  when  he  introduced  the  process : 
his  object  was  to  fill  the  pores  of  the 
wood  with  a  bituminous  asphaltic  sub- 
stance, which  rendered  it  waterproof," 
&c. 

The  late  Mr.  H.  P.  Burt,  whose  labors  in 
connection  with  the  preservation  of  tim- 
ber will  be  remembered  by  many  of  the 
elder  members  of  the  engineering  pro- 
fession, was  in  the  habit,  for  many  years, 
of  using,  by  preference,  the  heavy  Lon- 
don oils,  mixed  at  times  with  a  small  per- 
centage of  the  country  oils,  the  latter  as 
solvents  or  diluents  of  the  more  solid 
material.     The  author,  whose  connection 


wit  a  Mr.  Burt  commenced  in  1850,  re- 
members, among  his  first  experiences  of 
creosoting,  .  the  solid  masses  of  naph- 
thalene contained  in  the  tanks  before 
heating. 

When  the  construction  of  railways 
commenced  in  India  in  1850  and  1851, 
it  was  speedily  discovered  that  the  tim- 
ber found  in  that  country  was  subject  to 
very  rapid  destruction  by  decay  and  by 
the  attacks  of  insects.  A  serious  diffi- 
culty was  encountered  by  engineers  in 
procuring  suitable  sleepers,  and  the  ex- 
periment was  tried  of  sending  creosoted 
Baltic  timber  from  this  country.  The 
first  consignment  of  this  material  was 
sent  out  in  December,  1851,  for 
the  East  Indian  Kailway  Company. 
The  results  were  promising  from  the 
first,  and  the  exportation  of  creosoted 
sleepers  to  India  continually  increased. 
The  Minutes  of  Proceedings  of  this  In- 
stitution contain  numerous  records  of 
the  rapid  decay  of  unprepared  timber  in 
tropical  climates,  and  also  of  the  very 
great  general  success  of  creosoted  timber 
exposed  to  the  same  influences,  cheq- 
uered, however,  with  a  few  instances  of 
partial  failure,  which  should  be  as  in- 
structive as  the  successes.  It  may  be 
interesting  to  refer  to  the  two  papers  by 
Mr.  Bryce  McMaster,  upon  Indian 
Permanent  Way  materials,  one  read 
in  1859,  and  the  second  in  1863,  in 
which  the  success  of  creosoted  timber 
in  India  is  fully  set  forth.  Mr.  Juland 
Danvers,  in  his  annual  report  to  the  Sec- 
retary of  State  for  India  for  the  year 
1863,  remarks  that  it  is  cheaper  to  send 
out  creosoted  Baltic  sleepers  than  to  use 
those  of  indigenous  wood.  The  printed 
report  of  the  East  Indian  Railway  Com- 
pany for  the  year  1867  again  records  the 
success  of  creosoted  sleepers,  after  six- 
teen years'  experience  of  their  use. 

It  becomes  a  matter  of  interest  to  as- 
certain the  kind  of  Creosote  which  was 
used  for  these  earlier  Indian  sleepers. 
When  the  exportation  first  began  there 
was  a  custom's  duty  upon  the  importa- 
tion of  Baltic  timber  into  this  country 
equal  to  about  20  per  cent,  on  the  value 
of  the  sleepers.  The  author's  firm  made 
early  arrangements  for  creosoting  in 
bond,  and  for  this  reason,  and  with  tri- 
fling exceptions,  all  the  sleepers  sent 
abroad,  although  supplied  by  various 
contractors,  were  for  many   years   creo- 
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sotecl  at  the  works  of  the  author's  firm 
at  Rotherhithe  and  at  the  Victoria  clocks. 
Their  books  contain  accurate  records  of 
the  origin  of  all  the  creosote  used.  As 
may  be  anticipated,  by  far  the  greater 
bulk  was  London  oil,  up  to  1863  com- 
paratively little  country  oil,  and  in  some 
years  none  at  all  being  used.  In  Janu- 
ary, 1853,  Mr.  Burt,  in  describing  to  this 
Institution  the  process  which  he  used, 
spoke,  as  a  matter  of  course,  of  Creosote 
becoming  a  hard,  compact  mass  at  a  tem- 
perature below  35°  Fahrenheit.  Ten 
years  later,  in  February,  1863,  speaking 
with  reference  to  the  Creosoting  of  some 
sleepers,  the  success  of  which  in  India 
had  just  been  announced,  he  described 
Creosote  as  becoming  solid  at  a  tempera- 
ture below  40°  Fahrenheit,  and  added 
that,  in  consequence,  he  had  introduced 
a  heating  apparatus  inside  the  Creosoting 
cylinder. 

With  the  exception  of  a  small  experi- 
mental shipment  of  larch  and  Scotch  fir, 
all  the  sleepers  sent  to  India  have  been 
of  Baltic  fir  timber  from  the  Polish  and 
Russian  ports.  The  shipments  were  of 
the  ordinary  kind  of  wood,  such  as  was 
in  use  at  first  for  sleepers  in  this  country, 
and  were  mostly  of  triangular  section. 
Amongst  them,  for  the  first  threa  or  four 
years,  were  considerable  quantities  of 
white-wood,  a  wood  somewhat  liable  to 
split  in  hot  countries.  Subsequently,  red- 
wood was  stipulated  for,  and  with  good 
reason,  in  all  Indian  specifications.  The 
quantity  of  Creosote  injected  into  these 
sleepers  was  at  first  from  35  to  40  gal- 
lons to  the  load  of  50  cubic  feet,  as  com- 
pared with  the  50  and  60  gallons  of  the 
present  day.  At  present  not  only  is  a 
larger  quantity  of  Creosote  injected,  but 
more  care  is  also  expended  in  the  selec- 
tion of  the  wood  than  was  formerly  the 
case.  If,  therefore,  the  earlier  sleepers 
shipped  to  India  behaved  well,  it  might 
be  assumed  that  the  quality  of  the  Creo- 
sote, at  least,  was  suited  to  the  climate. 
Such  Creosote,  however,  as  was  then 
used  would  now  be  rejected  under  the 
requirements  of  many  of  the  specifica- 
tions at  present  in  force  for  the  prepara- 
tion of  timber  for  tropical  countries.  It 
is  a  question  for  grave  consideration 
whether  the  change  has  been  for  the  bet- 
ter. 

It  is  a   matter  of   notoriety,  that  for 
many  years  an   increasing  demand   has 


!  arisen  for  the  thinner  and  lighter  Creo- 
sotes. "  Country  oil  "  became  more  pop- 
ular, and  began  to  be  mentioned  in  speci- 
fications. Inspectors  preferred  these 
thinner  oils  ;  they  were  injected  with  less 
trouble,  and  the  timber  looked  cleaner 
and  less  "  muddy "  after  the  process, 
especially  in  the  winter,  when  the  Lon- 
don oils  are  more  solid.  Contrary  to  the 
opinion  of  the  introducers  of  Creosot- 
ing, the  thin,  light  "  Country  oil  "  came 
to  be  considered  by  many  as  the  supreme 
type  of  excellence. 

This  view  was  adopted  by  the  late  Dr. 
Letheby,  who  was  further  influenced  by 
the  growing  recognition  of  the  wonder- 
ful antiseptic  powers  of  carbolic  acid. 
Discovered  in  coal  tar  by  Runge,  a  Ger- 
man chemist,  in  1834,  carbolic  acid  had 
gradually  achieved  the  important  position 
which  it  still  holds  as  one  of  the  most 
valuable  of  antiseptics  for  sanitary  and 
surgical  puposes.  Carbolic  acid  in  vary- 
ing quantities  was  present  in  the  tar  oils; 
the  other  constituents  of  those  oils  were 
imperfectly  understood;  some  of  them, 
now  well  known,  had  not  then  been  dis- 
covered. The  success  of  the  creosoting 
process  was  therefore  by  a  priori  reason- 
ing attributed  mainly,  if  not  solely,  by 
Dr.  Letheby  to  the  presence  of  the  tar 
acids.  In  June,  1860,  Dr.  Letheby  pub- 
lished his  views  on  this  subject  in  the 
"Journal  of  the  Society  of  Arts."  He 
considered  carbolic  acid  to  be  the  most 
effective  constituent  of  the  tar  oils,  and 
that  the  efficiency  of  the  latter  in  pre- 
serving timber  depended  mainly  upon 
the  percentage  of  carbolic  acid  which 
they  contained.  He  therefore  concluded 
that  the  lighter  portions  of  the  dead  oils 
were  the  best,  viz.,  those  portions  dis- 
tilling between  360°  Fahrenheit  and  490° 
Fahrenheit,  as  they  contain  the  tar  acids 
in  greatest  abundance.  Naphthalene  and 
para-naphthalene  he  desired  to  exclude 
as  much  as  possible,  as  he  held  them  to 
be  of  no  value  in  the  preparation  of  tim- 
ber. He  had  found  the  proportion  of 
carbolic  acid  in  tar  oils  to  range  from  6 
per  cent,  down  to  as  low  as  0.5  per  cent. 
In  a  letter  of  his  in  the  author's  posses- 
sion, dated  5th  June,  1863,  he  alludes  to 
two  samples  as  containing  "  unusually 
large "  proportions  of  tar  acids ;  the 
quantities  were  respectively  6.4  per  cent, 
and  10.1  per  cent.  In  a  lecture  at  Not- 
tingham, in  1867,  Dr.  Letheby  described 
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a  specification  which  he  had  drawn  up 
for  an  Indian  railway.  This  specifica- 
tion, dated  1865,  contains  the  following 
stipulations :  The  creosote  is  to  have  a 
specific  gravity  as  near  to  3,050  as  pos- 
sible, ranging  from  1,045  to  1,055.  It  is 
not  to  deposit  naphthalene  or  para-naph- 
thalene at  a  temperature  of  40°  Fahren- 
heit. It  is  to  contain  5  per  cent,  of  crude 
carbolic  and  other  coal-tar  acids  (by  the 
caustic  potash  test).  It  is  to  yield  90 
per  cent,  of  liquid  oil,  when  distilled 
from  its  boiling  point  to  a  temperature  of 
600°  Fahrenheit. 

From  an  examination  of  upwards  of 
seventy  timber-preserving  specifications 
in  the  author's  possession,  ranging  from 
1849  to  the  present  year,  it  is  manifest 
that  a  new  departure  was  thus  inaugur- 
ated by  Dr.  Letheby.  For  the  first  time 
a  boiling-point  is  fixed,  a  certain  percent- 
age of  tar  acids  insisted  upon,  whilst  the 
use  of  naphthalene  and  the  heavier  dis- 
tillates is  discouraged.  This  specification 
has  long  ceased  to  be  used,  but  its 
stipulations  have  been  copied,  and  in 
some  cases  carried  to  greater  lengths,  in 
more  modern  specifications,  10  per  cent, 
of  tar  acids  being  occasionally  required. 
Such  specifications  exclude  the  London 
oils  if  taken  in  their  entirety  as  they 
come  from  the  still.  It  is  to  be  regret- 
ted that,  at  the  period  mentioned,  there 
is  no  record  of  experiments  having  been 
made  by  any  English  chemists  as  to 
the  actual  effects  produced  upon  timber 
by  the  various  constituents  of  the  tar 
oils  taken  separately.  For  want  of  such 
a  test,  it  would  appear  that  an  import- 
ant element  in  the  question  was  for 
some  years  overlooked  in  this  country. 

So  early  as  1848  the  French  Academie 
des  Sciences  received  a  communication 
from  De  Gemini,  detailing  a  series  of 
experiments  upon  wood  prepared  with 
various  antiseptics.  This  investigator 
endeavored  to  prove  that  timber  cannot 
be  permanently  preserved  by  the  use  of 
antiseptics  which  are  themselves  soluble 
in  water,  and  for  that  reason  he  preferred 
the  use  of  heavy  oils,  or  bituminous 
substances.  The  Academie  rejected  the 
conclusions  of  De  Gemini,  more  especial- 
ly as  he  denied  that  solutions  of  sulphate 
of  copper  formed  insoluble  compounds 
with  woody  fiber. 

In  1862  Mr.  Rottier  presented  a  paper 
to  the  Academie  Royale  de  Belgique  giv- 


ing the  results  of  a  number  of  experi- 
ments as  to  the  effects  upon  timber  of 
the  various  constituents  of  coal-tar  oil. 
He  arrived  at  the  conclusion  that  al- 
though carbolic  acid  (L'Acide  Phenique) 
was  a  very  energetic  antiseptic,  yet  that, 
owing  to  its  volatility,  the  durable  success 
of  the  Creosoting  process  was  not  due 
to  its  agency.  He  attributed  that  suc- 
cess to  the  heavier  and  less  volatile  por- 
tions which  came  over  at  the  later 
periods  of  the  distillation,  and  consid- 
ered that  the  heavier  they  were  the 
better. 

Later  on  this  investigation  was  taken 
up  by  Mr.  Charles  Coisne,  who  was  then, 
and  still  is,  an  engineer  in  the  service  of 
the  Belgian  Government.  In  1863  Mr. 
Coisne  commenced  a  series  of  experi- 
ments, the  object  being  to  determine,  in 
a  practical  manner,  which  portions  of 
the  tar  oils  best  preserved  the  timber. 
The  results  were  so  instructive,  that  in 
1866  he  inaugurated  a  new  series  of  ex- 
periments, still  more  carefully  conducted, 
which  lasted  until  1870.  He  procured 
samples  of  Creosote  from  England,  Scot- 
land, Belgium  and  France.  Four  of  these 
samples  contained,  respectively,  15  per 
cent.,  15  per  cent.,  8  per  cent.,  and  7 
per  cent,  of  tar  acids  by  the  usual  test. 
The  fifth  was  an  oil  of  heavy  specific 
gravity,  specially  prepared,  and  contain- 
ing no  tar  acids.  Yet  this  last  sample 
produced  better  results  than  any  of  the 
others.  Each  sample  was  divided  into 
portions.  Wood  shavings  were  saturated 
with  these  oils  in  the  following  different 
ways: 

1st.  With  the  Creosotes  as  received. 

2d.  With  the  Creosotes,  supplemented 
by  additional  quantities  of  tar  acids. 

3d.  With  the  Creosotes,  supplemented 
by  some  of  the  heavier  portions  of  the 
same  oils  distilling  over  at  a  temperature 
exceeding  320°  Centigrade  (628°  Fahren- 
heit). 

4th.  With  the  original  Creosotes  di- 
vided into  the  lightest,  the  medium,  and 
the  heaviest  portions,  with  each  of 
which  the  shavings  were  separately  sat- 
urated. 

A  putrefying  pit  {pourrisoir)  was  pre- 
pared, in  which  the  shavings  were 
placed  on  the  10th  of  November,  1866, 
together  with  other  shavings  not  pre- 
pared. After  four  years'  sojourn  in  the 
pourrisoir,  they  were   removed  and  ex- 
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aruined   on   the   16th    November,    1870. 
The  results  were  strikingly  in  favor  of  i 
the  heavier  oils,  and  adverse  to  the  tar  j 
acids,  which  last  bodies  appeared  to  have  j 
been   wholly  ineffective.     The  shavings 
which  had  been  prepared  with  the  light-  j 
est  portions    of  the   oils,  although  they  I 
had  contained  the  largest  portions  of  the  J 
tar  acids,  were,  nevertheless,  in  the  worst  \ 
condition.     Those  prepared  with  the  oils 
somewhat   heavier   were  in   most   cases ' 
better  preserved.     Best  of  all  were  the 
shavings  prepared  with  the  heaviest  oils,  I 
procured  by  distilling  at  the  higher  tern- 1 
peratures  even  when  containing  no  tar 
acids ;     these    last    were    all     perfectly : 
sound.     The  un-creosoted  shavings  were 
all  rotten.     Mr.  Coisne  believed  that  the  ! 
best  portions  of  the  oils  were  the  "green 
oils,"  distilling  at  high  temperatures. 

These  experiments  are  recorded  at 
length  in  the  "  Annals  des  Travaux 
Publiques  de  Belgique,"  also  in  separate 
pamphlets.  Their  results  have  consider- 
ably influenced  the  practice  of  railway 
engineers  on  the  Continent.  The  Belgian 
Government  accepted  the  conclusions 
arrived  at  by  Mr.  Coisne,  and  for  many 
years  has  based  its  creosoting  specifica- 
tions thereon,  with  highly  satisfactory  re- 
sults. The  specification  for  the  Belgian 
State  Railways  does  not  stipulate  for  any 
tar  acids  ;  it  requires  that  at  least  two- 
thirds  of  the  Creosote  must  have  been 
obtained  by  distillation  at  a  temperature 
exceeding  250°  Centigrade  (482°  Fahren- 
heit), and  the  remainder  at  a  tempera- 
ture exceeding  200°  Centigrade  (392° 
Fahrenheit).  It  allows  30  per  cent,  of 
naphthalene,  which  is  calculated  at  the 
ordinary  temperature.  In  a  recent  cor- 
respondence with  the  author,  Mr.  Coisne, 
who  has  for  more  than  twenty  years 
superintended  the  Creosoting  operations 
of  the  Belgian  Government,  confirms  the 
results  of  those  experiments  by  his  sub- 
sequent experience. 

So  far,  the  experiments  and  the  experi- 
ence of  De  Gemini,  Rottier  and  Coisne 
appear  to  be  in  absolute  contradiction 
with  the  theory  that  the  Creosoting 
process  owes  its  success  to  the  tar  acids. 
Yet  the  fact  cannot  be  doubted,  that  the 
tar  acids  are  powerful  antiseptics,  and 
that  their  presence  arrests  decay.  What, 
then,  is  the  explanation  of  this  apparent 
anomaly  ? 

The  authorities  on   the  tar  acids   are 


many  and  reliable.  From  amongst  the 
learned  and  voluminous  treatises  which 
have  been  written  respecting  these 
bodies,  fifteen  references  have  been  made 
to  authors  in  England,  Scotland,  France, 
Belgium,  Germany  and  America.  None  of 
them  disagree  as  to  the  following  facts  : 
That  carbolic  acid  is  volatile  at  ordinary 
temperatures.  That  it  is  soluble  in  water. 
That  its  combinations  are  not  stable. 
That  it  is  a  powerful  germicide,  but  that 
its  efficacy  ceases  so  soon  as  it  evaporates 
or  is  washed  out  of  the  substances  in- 
tended to  be  preserved.  Professor  (now 
Sir  Joseph)  Lister,  whose  adoption  of 
the  antiseptic  system  for  surgical  pur- 
poses has  revolutionized  hospital  prac- 
tice, speaks  from  his  large  and  valuable  ex- 
perience as  to  the  importance  of  carbolic 
acid  in  the  treatment  of  wounds,  but  he 
also  remarks  that  its  volatility  is  some- 
times an  evil  as  well  as  a  good.  Dr.  San- 
som,  whose  recent  work  on  antiseptics  so 
ably  epitomizes  the  results  arrived  at  by 
previous  investigators,  as  well  as  those 
due  to  his  own  researches,  speaks  of  it 
as  the  "aerial  disinfectant"  2)ar  excel- 
lence. 

If  this  substance  can  be  washed  out 
by  water,  and  if  its  volatility  is  one  of 
its  great  merits,  and  occasionally  a  de- 
fect, for  sanitary  purposes,  can  it  at  the 
same  time  be  considered  as  a  durable 
agent  amongst  the  oils  injected  into  rail- 
way sleepers  ?  Especially  can  this  be  the 
case  in  those  tropical  countries  where 
extreme  heat  or  torrential  rains,  or 
alternations  of  both,  are  prevalent  ?  For 
piles  and  other  timbers  used  for  harbor- 
work,  the  comparative  solubility  in  water 
of  the  antiseptic  agents  employed  is 
also  a  matter  of  vital  importance.  What 
is  true  respecting  carbolic  acid,  will  also 
apply,  to  a  great  extent,  to  cresylic  acid, 
the  last  substance  being,  however,  some- 
what less  volatile  and  less  soluble  than 
the  former.  Do  these  bodies  become 
stable  by  entering  into  combination  with 
woody  fiber?  Their  instability  in  this 
connection  is  apparently  pointed  out  by 
Mr.  Coisne's  experiments.  It  may,  how- 
ever, be  objected  that  these  experiments 
were  not  conducted  under  the  conditions 
to  which  railway  timbers  are  exposed. 
This  point  also  has  been  very  fully  in- 
vestigated. 

In  1867  Mr.  Coisne  obtained  some 
Creosoted  sleepers   which   had   success- 
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fully  resisted  decay  during  periods  of 
from  eighteen  to  twenty  years.  The 
wood  was  crushed,  and  the  substances 
obtained  therefrom  tested.  He  found  no 
tar  acids  ;  if  they  had  ever  been  there, 
they  were  no  longer  present.  He  found, 
however,  a  quantity  of  naphthalene ;  also 
of  an  oil  which  did  not  commence  to  dis- 
til until  230°  Centigrade  (446°  Fahren- 
heit). 

In  1882  the  author  caused  some  simi- 
lar experiments  to  be  made.  Through 
the  kindness  of  the  authorities  of  the 
London  and  North- Western  Railway 
Company,  eleven  pieces  of  old  Creosoted 
sleepers  were  sent  from  their  permanent 
way.  They  had  been  in  use  for  the  fol- 
lowing periods : 

1  specimen 16  years. 

1  "         17      " 

2  "         20       " 

2        "         22      " 

1  "  28  " 

2  "  29  " 

1  "  30  " 

1  "  32  " 

Sleepers  were  also  received  from  the 
Taff  Vale  Railway,  the  South-Eastern 
Railway,  and  the  Great  Eastern  Railway, 
which  had  been  in  use  periods  vaiying 
from  fourteen  to  twenty- three  years.  A 
portion  was  also  taken  from  a  Creosoted 
pale  fence,  which  had  been  fixed  in  the 
Victoria  docks  in  1855,  and  which  is  still 
in  place,  perfectly  sound  and  strong, 
after  twenty-nine  years'  use.  A  careful 
analysis  of  these  seventeen  specimens, 
all  of  ordinary  Baltic  fir,  gave  the  follow- 
ing results : 

1st.  In  no  cases  were  any  tar  acids  de- 
tected by  the  ordinary  tests. 

2d.  In  fourteen  out  of.  the  seventeen 
specimens  the  semi-solid  constituents  of 
the  tar  oils  were  present;  in  twelve  of 
them  was  naphthalene,  this  body  being 
in  some  cases  in  considerable  quantity. 

3d.  Only  small  percentages  remained 
of  oils  distilling  below  450°  Fahrenheit. 
In  the  majority  of  instances  from  60  per 
cent,  to  75  per  cent,  of  the  total  bulk  of 
substances  retained  in  the  wood  did  not 
distil  until  after  a  temperature  of  600° 
Fahrenheit  was  reached. 

It  is  clear,  therefore,  that  these  tim- 
bers had  been  preserved  by  the  action  of 
the  heaviest  and  most  solid  portions  of 
the  tar  oils,  and  that  the  other  constitu- 
ents had  disappeared. 

4th.  In    some     of     these     specimens 


acridine  was  searched  for  and  detected. 
This  substance  is  one  of  the  alkaloids  or 
bases  now  known  to  exist  in  the  Creosote 
oils.  This  is  probably  the  first  occasion 
upon  which  acridine  has  been  publicly 
mentioned  in  connection  with  the  injec- 
tion of  wood ;  but  the  author  is  per- 
suaded that  it  will  come  to  be  recognized 
as  one  of  the  most  valuable  constituents 
of  the  tar  oils  for  timber-preserving 
purposes.  It  was  discovered  by  Graebe 
and  Caro  ;  it  is  a  powerful  germicide, 
and  solidifies  within  the  pores  of  the 
timber,  from  which  it  neither  evaporates 
nor  washes  out.  It  is  intensely  acrid 
and  pungent. 

Portions  of  the  same  specimens  of 
wood,  fifteen  in  number,  were  sent  to 
Mr.  Greville  Williams,  whose  original 
researches  with  relation  to  coal  deriva- 
tives have  been  for  so  many  years  known 
to  the  scientific  world.  Mr.  Greville 
Williams  tested  the  samples  of  wood  for 
tar  acids,  naphthalene,  and  the  alkaloids. 
For  the  tar  acids  he  found  all  ordinary 
tests  fail,  until  he  employed  the  extreme- 
ly delicate  one  by  bromine  and  ammonia. 
In  some  cases,  even  by  this  test,  no 
phenols  could  be  detected,  but  in  most 
cases  he  succeeded  in  detecting  faint 
traces  of  those  bodies ;  generally  less 
than  one  part  in  three  thousand ;  minute 
portions,  probably  of  the  heaviest  par- 
ticles of  the  tar  acids  which  had  been 
incorporated  and  retained  by  the  heavier 
portions  of  the  oils.  It  is  needless  to 
say  that  these  infinitesimal  quantities 
could  be  of  no  practical  value  in  preserv- 
ing the  wood.  In  all  the  specimens, 
save  two,  he  found  naphthalene.  The 
presence  of  the  antiseptic  alkaloids  was 
distinctly  proved,  and  one  of  these 
bodies,  called  cryptidine,  which  he  had 
discovered  in  Creosote  oils,  in  1856,  was 
detected  by  him  in  one  of  the  specimens. 
Mr.  Greville  Williams  concludes  that 
the  preservative  action  of  the  Creosote 
oils  is  due  more  to  the  bases  or  alkaloids 
than  to  the  tar  acids,  as  the  former  re- 
main after  the  latter  have  disappeared. 
These  researches  were  published  in  the 
"  Journal  of  Gas  Lighting,"  and  also  in  a 
pamphlet  in  the  possession  of  this  Insti- 
tution. 

First,  and  most  volatile  of  all  the  Cre- 
osote oils,  are  the  carbolic  and  cresylic 
acids,  which  are  also  freely  soluble  in 
water   at   ordinary   temperatures ;    they 
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come  over  from  the  still,  incorporated 
with  the  lightest  portions  of  the  oils. 
Pure  carbolic  acid  would  entirely  disap- 
pear by  evaporation,  if  not  secured  in  a 
stoppered  bottle.  Next  in  order  comes 
naphthalene,  which  is  much  less  volatile 
than  the  tar  acids.  It  is  not  soluble  in 
cold  water,  and  almost  insoluble  in  boil- 
ing water.  As  it  comes  from  the  still  it 
is  of  a  yellowish  color,  and  mixed  with 
the  heavy  oils,  it  gradually  becomes  black 
on  exposure  to  the  atmosphere.  It  forms 
the  principal  constituent  of  the  thick, 
muddy-looking  substance  which  some- 
times forms  on  the  surface  of  Creosoted 
timber,  and  which  may  often  be  seen  ad- 
hering to  the  ends  of  railway  sleepers  for 
several  years  after  they  have  been  placed 
in  the  line.  When  sublimed  by  the  ac- 
tion of  heat  and  a  current  of  air,  it  forms 
the  beautiful  frost-like  substance  well 
known  in  Creosoting  yards.  It  becomes 
quite  solid  at  a  low  temperature,  and  in 
that  condition  would  be  an  impediment  to 
the  injection  of  the  timber — a  difficulty 
removed  by  heating  the  oils  to  about  100° 
Fahrenheit,  at  which  temperature  naph- 
thalene becomes  liquid.  After  injection 
it  solidifies,  and  greatly  assists  in  filling 
up  the  pores  of  the  wood. 

The  following  simple  experiments, 
which  have  been  tried  and  repeated  in 
many  different  ways  at  the  author's  lab- 
oratories during  the  last  few  years,  are 
in  strict  accordance  with  the  now  well- 
known  characteristics  of  naphthalene  and 
the  tar  acids : 

1.  If  tar  acids  and  naphthalene  be 
separately  exposed  either  at  the  ordinary 
temperature,  or  at  the  tropical  heat  of 
130°  Fahrenheit,  the  tar  acids  will  evap- 
orate with  much  more  considerable  ra- 
pidity than  naphthalene. 

2.  Injected  into  timber  the  same  results 
follow. 

3.  Light,  thin  oils,  containing  large 
percentages  of  tar  acids,  evaporate  more 
quickly  than  heavier  oils  containing  less 
tar  acids  and  more  naphthalene,  when 
tested  by  methods  Nos.  1  and  2. 

In  weighing  after  these  experiments 
great  care  must  be  taken  to  allow  for  the 
absorption  of  moisture  from  the  atmos- 
phere. The  tar  acids  absorb  moisture 
before  finally  evaporating.  Wood  also 
absorbs  a  large  amount  of  moisture  when 
injected  with  oils  containing  these  acids. 

4.  By  repeated    washings    with    cold, 


water,  all  the  carbolic  acid,  and  all  or  near- 
ly all  the  cresylic  acid,  can  be  washed  out, 
both  from  country  and  from  London  oils. 
These  experiments  assume  especial  im- 
portance in  considering  the  durable  ef- 
fects of  various  kinds  of  creosote  for 
protecting  timber  immersed  in  sea- water 
from  the  attacks  of  marine  insects. 

Dr.  Meymott  Tidy  has  published  the 
results  of  his  experiments  upon  naph- 
thalene. He  injected  pieces  of  wood 
with  this  substance,  and  exposed  them 
to  a  temperature  of  150°  Fahrenheit. 
He  found  that  the  evaporation  was  only 
superficial,  and  that  it  practically  ceased 
after  forty-eight  hours,  the  naphthalene 
below  the  surface  remaining  within  the 
pores  of  the  wood.  Naphthalene  is  now 
recognized  as  an  antiseptic,  not  so  pow- 
erful in  its  immediate  effects  as  the  tar 
acids,  but  more  durable.  It  is  probable 
that  tar  acids  of  a  heavier  and  less  vola- 
tile type  than  carbolic  or  cresylic  acids, 
may  be  more  reliable  as  antiseptics  for 
preserving  timber. 

Following  in  the  series  of  distillates, 
amongst  the  Creosote  oils  are  the  alka- 
loids or  bases  of  the  quinoline  or  leuco- 
line  group,  amongst  which  chemists  are 
searching,  not  without  fair  promise  of 
success,  for  a  febrifuge  similar  to,  if  not 
identical  with,  the  quinine  derived  from 
the  cinchona  plant.  In  this  group  oc- 
curs the  substance  called  cryptidine,  al- 
ready alluded  to  as  one  of  the  valuable 
antiseptics  discovered  in  those  portions 
of  the  oils  which  were  formerly  character- 
ized as  "inert." 

Para-naphthalene,  mentioned  in  Dr. 
Letheby's  specification,  has  since  then 
become  the  basis  of  one  of  the  most  in- 
teresting chemical  discoveries  of  the  age. 
It  was  excluded  by  Dr.  Letheby  from 
the  oils  intended  for  timber  preserving, 
and  is  probably  without  value  for  that 
purpose.  It  is  now  called  anthracene, 
and  is  extremely  valuable  as  the  sub- 
stance from  which  alizarine  is  manufac- 
tured, thanks  to  the  brilliant  discoveries 
of  Perkin  in  England,  and  of  Graebe, 
Liebermann  and  Caro  in  Germany.  Ali- 
zarine is  the  coloring  matter  used  by 
Turkey-red  dyers  and  printers  ;  for  ages 
it  had  been  extracted  from  the  madder 
root.  It  is  now  made  from  the  coal-tar 
product  anthracene,  of  a  far  higher  degree 
of  purity,  and  at  an  enormously  de- 
creased cost.     The  madder  root  has  gone 
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almost  entirely  out  of  cultivation.  The 
quantity  of  anthracene  contained  in  tal- 
is relatively  small. 

Amongst  the  green  oils,  distilling  be- 
tween 550°  Fahrenheit  and  750c  Fahren- 
heit, is  found  the  acridine  already  al- 
luded to  as  a  valuable  germicide  and 
stable  antiseptic.  Phenanthrene,  carba- 
zol,  pyrene,  chrysene  and  benzerythrene, 
by  no  means  complete  the  list,  which  is 
constantly  being  added  to  by  new  dis- 
coveries of  the  numerous  bodies  in  which 
these  dead  oils  are  so  prolific.  The 
properties  of  many  of  these  heavier 
bodies  are  still  imperfectly  under- 
stood ;  but  from  the  fact  that  they  will 
not  evaporate  except  at  exceedingly 
high  temperatures,  they  are  valuable  in- 
gredients for  timber-preserving. 

By  the  light  of  the  evidence  now  ac- 
cumulated, it  may  be  advisable  to  review 
the  question  as  to  the  relative  value  of 
these  various  bodies  contained  in  the 
heavy  oils  as  regards  the  preservation  of 
timber.  Some  of  them  are  becoming 
valuable  for  other  purposes.  Which  of 
them  should  the  engineer  retain  for  in- 
jecting wood? 

Can  the  conclusion  be  resisted,  that 
for  this  purpose  the  efficacy  of  the  tar 
acids  has  been  overrated,  and  this  at 
the  expense  of  the  more  stable  and  en- 
during portions  of  the  tar  oils  ?  The 
London  oils  as  they  come  from  the  still 
are  not  sufficiently  volatile  to  meet  the 
exigencies  of  some  modern  specifica- 
tions, nor  do  they  comply  with  these 
exigencies  as  regards  the  percentage  of 
tar  acids.  They  do  not,  as  a  rule,  contain 
more  than  from  4  to  7  per  cent,  of  tar 
acids,  and  they  will  not  yield  90  per 
cent,  of  their  bulk  by  distillation  below 
600°  FahreDheit.  Therefore  a  pressure 
is  put  upon  the  manufacturer  to  meet 
the  fashion  by  "taking  out"  some  of  the 
heavier  portions,  and  in  some  instances 
this  is  done.  By  this  means  the  bulk  is 
rendered  lighter,  and  the  proportion  of 
tar  acids  to  the  diminished  bulk  is  in- 
creased. For  these  heavier  portions,  es- 
pecially for  the  green  oils,  a  market  is 
found  for  lubricating  and  other  pur- 
poses. But  in  the  author's  judgment  the 
efficacy  of  the  oils  as  antiseptics  for 
wood  is  thereby  diminished.  The  green 
oils,  after  the  anthracene  has  been  re- 
moved from  them  by  filtration,  should  be 
returned  to  the  Creosote  tank.    The  per- 


centage of  tar  acids  to  be  used  remains  a 
contested  matter  of  opinion.  But  the 
author  ventures  to  express  the  hope  that 
at  least  the  lighter  portions  of  the  tar 
acids,  and  especially  carbolic  acid,  may 
soon  be  relegated  altogether  to  their 
important  functions  as  sanitary  antisep- 
tics, for  which  they  are  so  valuable,  in- 
stead of  being  wasted  by  the  attempt  to 
use  them  as  antiseptics  for  timber,  for 
which  their  peculiar  properties  render 
them  unreliable.  Upon  the  whole  it 
would  be  wiser  to  revert,  to  a  larger  ex- 
tent and  with  increased  knowledge,  to 
the  plan  of  using  the  London  oils  mixed 
with  the  country  oils,  and  encouraging 
instead  of  discouraging  the  use  of  the 
heavier  portions.  The  whole  of  the 
Creosote  oils  manufactured  from  ordi- 
nary gas  tar  in  this  country  are  required 
for  preserving  timber,  and  to  exclude 
one  considerable  portion  of  the  supply  is 
to  enhance  unnecessarily  the  cost  of  the 
rest.  No  oils,  however,  should  be  used 
as  Creosotes  which  are  lighter  than 
water.  Both  bone  oil  and  shale  oil  are 
sometimes  offered  as  Creosote  oils. 

In  1881  Professor  (now  Sir  Frederick) 
Abel  and  Dr.  Tidy  drew  up  a  joint 
Creosoting  specification,  in  which,  as  the 
result  of  direct  experiment,  they  resolved 
to  exclude  no  semi-solid  bodies  which 
completely  melt  at  100°  Fahrenheit. 
They  further  changed  the  standard  of 
volatility  from  90  per  cent,  at  600° 
Fahrenheit  to  75  per  cent.  Subsequent 
and  prolonged  investigation  induced  Dr. 
Tidy  to  go  still  further  in  the  same  direc- 
tion, and  not  only  to  withdraw  the 
clause  limiting  to  2n  per  cent,  the  oils 
distilling  at  a  higher  point  than  600° 
Fahrenheit,  but  even  to  require  that  at 
least  25  per  cent,  of  those  non- volatile 
oils  must  be  present.  The  author's  ex- 
perience leads  him  entirely  to  agree  with 
the  progress  made  in  this  direction. 

CONFLICTING-  THEORIES  ON  PUTREFACTION 

THE  GERM  THEORY. 

If  experiment  and  experience  should 
lead  to  clearer  views  as  to  the  relative 
value  of  various  antiseptics,  it  may  be 
advisable  to  test  those  views  by  refer- 
ence to  the  recent  development  of  theory 
upon  the  causes  of  decomposition  in  or- 
ganized bodies.  How  do  antiseptics  act 
upon  timber?  Is  the  coagulation  of 
albumen  a  sufficient  explanation  of  their 
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preservative  action  ?  Surely  not.  Many 
substances,  boiling  water  included,  which 
will  effectually  coagulate  albumen,  will 
not  prevent  the  decay  of  wood.  Coagu- 
lation retards,  but  does  not  prevent,  the 
*  decay  of  albumen  itself.  Again,  the 
quantity  of  albumen  in  fir  timber  is  ex- 
ceedingly small,  if  the  tree  be  cut  down, 
as  it  generally  is  and  always  should  be, 
during  the  season  when  tbe  sap  is  not 
circulating.  From  a  number  of  experi- 
ments made  upon  ordinary  fir  sleepers, 
the  author  arrives  at  the  conclusion,  that 
the  quantity  of  nitrogenous  matter  or 
albumen  which  they  contain  does  not 
usually  much  exceed  1  per  cent,  of  their 
weight.  Any  watery  fluid  containing 
from  2  to  3  per  cent,  of  tar  acids  would 
effectually  coagulate  this  quantity  of 
albumen.  In  some  cases  it  is  found 
that  a  portion  of  this  albumen  is  actu- 
ally coagulated  by  substances  naturally 
contained  in  the  timber.  But  the  coagula- 
tion does  not  of  itself  preserve  the  wood. 
Leibig's  theory  of  decomposition  has  al- 
ready been  alluded  to.  He  maintained 
that  putrefaction  was  due  to  eremacausis 
or  slow  combustion,  produced  by  con- 
tagion, the  infected  bodies  communicat- 
ing a  molecular  motion  to  the  atoms 
of  the  bodies  with  which  they  come  in 
contact,  and  that  these  phenomena  are 
not  caused  by  the  action  of  germs  or 
living  organisms. 

The  modern  germ  theory  distinctly 
traverses  this  last  assertion.  Pasteur 
affirms,  that  without  the  presence  of  liv- 
ing germs,  the  phenomena  of  organic 
decomposition  do  not  accomplish  them- 
selves, and  that  these  germs  are  the 
veritable  agents  of  the  decomposition. 
The  laborious  experiments,  and  the  lucid 
deductions  of  Professor  Tyndall  con 
firm  the  experiments  and  theories  of 
Pasteur.  Professor  Tyndall  explains 
that  the  air  is  laden  with  clouds  of  germs, 
agents  of  decomposition,  ever  ready  to 
settle  down  and  develop  upon  matter 
suitable  to  their  growth.  He  finds  that 
the  contents  of  tubes  filled  with  the 
most  putrescible  materials,  animal  or 
vegetable,  can  be  preserved  from  putre- 
faction indefinitely,  by  the  exclusion  of 
germs.  But  that  it  is  not  sufficient 
merely  to  poison  or  neutralize  one  gen- 
eration of  organisms,  the  incursions  of 
fresh  myriads  must  be  excluded,  or  putre- 
faction will  ensue. 


After  reading  the  "Essays  on  the 
Floating  Matter  of  the  Air,"  in  which 
I  Professor  Tyndall  describes  how  the 
germs  gradually  fell  into  the  open  tops 
of  the  test-tubes,  let  the  comparison  be 
made  between  the  mouths  of  these  tubes 
and  the  gaping  orifice  of  a  crack  pro- 
duced by  the  sun  in  a  piece  of  timber. 
Through  it  the  germs  will  descend,  and 
if  there  is  nothing  to  arrest  their  action, 
and  if  the  crack  is  deeper  than  the  por- 
tion of  the  wood  charged  with  antisep- 
tics, they  will  carry  destruction  into  the 
center  of  the  log.  But  if  the  antiseptic 
be  of  an  oily  or  bituminous  nature,  it 
will  flow  into  the  cracks  when  they  first 
develop  themselves,  and  seal  up  the  ori- 
fices against  the  enemy.  Examine  a 
crack  or  a  wound  in  the  trunk  of  a  living 
fir  tree ;  it  will  be  found  that  by  a  nat- 
ural process,  a  resinous  substance  ex- 
udes, which  closes  the  wound  against  the 
agents  of  destruction. 

The  bodies  of  mammoths  preserved  in 
ice  through  countless  ages,  the  trees  of 
primeval  forests  excluded  from  the  air 
beneath  thick  deposits  of  peat,  the  frag- 
ments of  wooden  piles  which  have  en- 
dured undecayed  for  centuries  when 
driven  deeply  below  the  surface  of 
water,  all  confirm  the  experiments  of 
Pasteur  and  Tyndall,  and  prove  that  the 
exclusion  of  germs  prevents  putrefac- 
tion. Specimens  are  exhibited  of  a 
wooden  pile  from  the  remains  of  the 
bridge  (destroyed  by  fire)  which  was 
constructed  by  Charlemagne  across  the 
Rhine  at  Mayence ;  of  pieces  of  piles 
from  the  foundations  of  the  bridge  across 
the  Medway  at  Rochester,  which  was  de- 
stroyed by  Simon  de  Montfort  in  1264, 
and  which  was  probably  then  about  one 
hundred  years  old  ;  also  from  the  new 
bridge  erected  to  l^lace  the  former  one 
in  1283. 

It  is  not  for  the  author  to  draw  the 
dividing  line  between  the  decomposing 
action  of  germs  and  the  action  of 
oxidation.  It  is  sufficient  for  his 
purpose  to  submit  that  all  influences 
which  either  destroy  or  exclude  germs, 
will  prevent  decay  so  long  as  those  influ- 
ences endure  ;  but  that  permanent  ef- 
fects must  not  be  relied  upon  from  agents 
which  are  not  themselves  permanent  and 
abiding.  The  germ  theory  then  becomes 
a  severe  but  a  salutary  test  in  choosing 
antiseptics  for  the  treatment  of  timber. 
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Such  treatment  is  of  little  value  unless 
its  effects  will  endure  for  long  periods. 
Reliance,  therefore,  must  not  be  placed 
upon  those  germicides,  however  potent, 
which  will  readily  volatilize  in  air,  or 
dissolve  in  water.  A  growing  skepticism 
arises  from  experience  as  to  insoluble 
compounds  being  formed  between  woody 
fiber  and  substances  which  are  them- 
selves soluble  in  water.  In  short,  the 
substances  to  be  employed  should  by 
preference  be  antiseptics  in  a  double 
sense ;  they  should  be  both  germicides 
and  germ  excluders.  From  the  long 
list  of  germicides  must  be  especially  ex- 
cluded such  as  injure  or  weaken  the 
fiber  of  the  wood ;  amongst  these  latter 
must  be  classed  all  solutions  with  very 
strong  acid  or  alkaline  reactions ;  also 
some  of  the  metallic  salts.  It  has  been 
seen,  that  the  salts  of  zinc,  mercury,  and 
copper  have  been  to  some  extent  suc- 
cessful ;  of  these  the  author's  experience 
induces  him  to  prefer  sulphate  of  cop- 
per, as  less  soluble  in  water  than  chloride 
of  zinc,  and  not  volatile  like  corrosive 
sublimate.  Even  sulphate  of  copper  can- 
not be  permanently  relied  upon,  when 
exposed  to  the  continuous  action  of 
water ;  but  it  may  be  found  useful-  in 
comparatively  dry  situations,  or  as  a  pro- 
tection against  dry-rot  to  timber  under 
cover.  From  its  properties  as  a  germi- 
cide, sulphate  of  copper  might  be  use- 
fully employed  in  conjunction  with  oily 
or  bituminous  fluids,  even  with  oils 
which  do  not  possess  great  potency  as 
germicides. 

From  all  research  and  experience  it 
would,  however,  appear  that  the  same 
conclusions  may  be  derived,  viz.,  that  the 
best  antiseptics  for  timber  are  to  be 
found  amongst  oils  and  bitumens  which 
fill  up  the  pores  of  the  wood.  Of  such 
bodies,  those  which  contain  germicides 
are  to  be  preferred.  And,  other  proper- 
ties being  equal,  those  which  either  sol- 
idify in  the  pores  of  the  wood  or  which 
require  an  extremely  high  temperature 
to  volatilize  them,  and  which  are  insol- 
uble in  water,  must  surely  be  the  best 
of  all. 

Apparatus  for  Timber- Preserving. — 
Of  the  apparatus  employed  for  applying 
antiseptics  to  wood,  the  most  ancient  and 
the  most  popular  is  the  tar  brush  or  the 
paint  brush.  During  the  last  century, 
and  in  the  earlier  portion  of  the  present, 


steeping  in  tanks  was  extensively  adopted, 
the  various  liquids  being  employed  either 
cold  or  heated.  A  marked  improvement 
was  introduced  in  1831  by  Mr.  Breant,  a 
director  of  the  Mint  of  Paris,  who  in- 
vented the  first  apparatus  for  injecting 
timber  by  means  of  vacuum  and  press- 
ure, in  a  closed  iron  cylinder ;  he  em- 
ployed, by  preference,  linseed  oil  and 
resin.  The  cylinder  was  fixed  vertically, 
an  inconvenient  arrangement  not  neces- 
sary to  the  efficiency  of  his  process.  The 
iron  cylinder  and  the  process  by  vacu- 
um and  pressure  were  adopted  by  Mr. 
Bethell,  and  greatly  improved  by  him  and 
by  Mr.  H.  P.  Burt,  who  were  associated 
together  for  some  years.  The  cylinder 
was  enlarged,  its  fittings  strengthened  and 
simplified,  and  an  interior  heating  appa- 
ratus added.  In  Mr.  Burt's  paper  of 
January,  1853,  there  is  a  full  description 
of  this  machinery ;  its  main  features  are 
still  the  same  in  the  usual  Creosoting 
apparatus  of  the  present  day.  These 
cylinders,  being  of  wrought-iron,  were 
applicable  to  Creosote  oils  and  to  chlor- 
ide of  zinc,  but  not  to  salts  having  a 
corrosive  action  upon  iron,  such  as  sul- 
phate of  copper  and  corrosive  sublimate. 
In  1842,  Mr.  Timperley  described  to  this 
Institution  a  method  which  he  had 
adopted  on  the  Hull  and  Selby  Railway, 
for  lining  the  iron  cylinder,  in  order  to 
preserve  it  from  the  action  of  corrosive 
sublimate.  This  method  and  the  expedient 
of  smearing  the  inner  surface  with  pitch 
were  proposed  and  tried  for  sulphate  of 
copper  injections  with  but  partial  suc- 
cess. The  author  had  several  cylinders 
materially  injured  or  destroyed  by  the 
corrosive  action  of  these  salts.  In  1857 
Messrs.  Lege  and  Fleury  Peronnet  in- 
troduced an  apparatus  of  which  the  cyl- 
inder, trucks  and  pressure  pumps  were 
entirely  of  copper,  and  machinery  of  this 
costly  description  is  still  used  for  the 
Compagnie  des  Chemins  de  Fer  du  Midi, 
at  Labouheyre.  In  1865  the  author  took 
out  a  patent  for  the  following  apparatus  : 
Inside  the  iron  cylinder  he  placed  a 
wooden  tank,  which  contained  the  timber 
to  be  operated  upon,  and  in  which  was 
the  sulphate  of  copper  solution.  It  was 
an  open  wooden  tank,  inside  a  closed 
iron  cylinder.  The  pressure  applied  was 
that  of  condensed  air,  a  condensing  air- 
pump  being  used,  capable  of  maintain- 
ing an  effective   pressure  of  200  lbs.  to 
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the  square  inch.  By  this  means  the  tim- 
ber was  injected  with  the  copper  solu- 
tion without  injury  to  the  iron  cylinder. 

The  process  of  Dr.  Boucherie  was  at 
one  time  largely  used  in  France.  It  con- 
sisted in  the  injection  of  newly-fallen 
timber  in  the  forest  by  the  vertical  press- 
ure of  a  column  of  the  antiseptic  solu- 
tion, generally  sulphate  of  copper,  which 
was  conducted  through  a  pipe  from  a 
small  reservoir  fixed  at  a  height  of  30  or 
40  feet.  The  tube  was  attached  by  an 
ingenious  arrangement  to  the  end  or 
middle  of  the  log  ;  the  antiseptic  liquid 
expelled  the  sap  from  the  softer  parts  of 
the  timber,  and  took  its  place.  The 
process  is  still  used  to  a  small  extent  in 
France,  principally  for  telegraph  poles. 

Various  attempts  have  been  made  to 
imbue  timber  with  the  vapors  of  oils, 
either  by  employing  the  tensions  of  the 
vapors  themselves,  or  by  the  use  of  the 
pressure-pump.  The  first  experiment  of 
this  kind  appears  to  have  been  made  by 
Lukin,  in  the  dockyard  at  Woolwich  in 
1812,  when  the  apparatus  exploded,  with 
fatal  consequences  to  the  workmen  em- 
ployed, and  the  attempt  was  abandoned. 
The  patents  of  Franz  Moll  in  1836,  of 
Bethell  in  1864,  and  other  subsequent 
patents,  claim  the  invention  of  the  prin- 
ciple of  injecting  Creosote  oils  in  a  state 
of  vapor.  If  this  could  be  conveniently 
or  safely  carried  out,  the  system  might 
possess  some  advantages.  But  there 
is  a  fatal  objection  to  its  employment. 
Timber  is  weakened  by  exposure  to  a 
temperature  much  exceeding  250°Fahren- 
heit,  whilst  at  300°  Fahrenheit,  or  a  little 
above,  it  commences  to  decompose,  and 
becomes  seriously  injured.  Now  the 
boiling  point  of  the  Creosote  oils  ranges 
from  a  little  below  400°  Fahrenheit  up  to 
760°  Fahrenheit.  As  with  the  steam  of 
water,  so  is  it  with  the  vapor  of  oils — no 
pressure  can  be  obtained  with  them,  ex- 
cept at  a  temperature  exceeding  their 
boiling  point.  The  vapors  of  the  Creo- 
sote oils  cannot,  therefore,  be  injected 
into  timber  except  at  temperatures,  and 
under  conditions  of  pressure,  which 
would  destroy  the  value  of  the  timber  as 
an  engineering  material.  The  process 
has  been  tried  in  France,  and  it  failed, 
owing  to  the  complete  deterioration  of 
the  timber. 

A  modification  of  this  system  has, 
however,    been    carried     into     practice. 


Super-heated  steam  was  passed  through 
Creosote  oils,  and  then  injected  into  the 
sleepers  (which  had  been  previously 
warmed  by  steam)  with  the  idea  that 
the  mingled  vapors  of  water  and  Creo- 
sote might  be  injected  into  the  timber 
at  a  temperature  of  from  290°  Fahren- 
heit to  320°  Fahrenheit.  With  this 
modified  process,  the  author's  firm  carried 
out  some  extensive  operations  for  the 
Compagnie  des  Chemins  de  Fer  *de 
l'Ouest,  it  being  the  desire  of  the  engi- 
neers of  that  company  to  economize  the 
Creosote,  and  to  try  whether  in  a  finely 
divided  state,  a  smaller  quantity  might 
not  suffice  by  being  more  deeply  injected. 
The  operation  was  supplemented,  how- 
ever, by  an  injection  of  Creosote  in  the 
usual  fluid  state. 

After  prolonged  trials,  the  first  part 
of  the  operation  was  discontinued  by 
order  of  Mr.  Bouissou,  the  company's 
engineer  of  the  permanent  way.  It  was 
found,  whenever  the  cylinder  was  opened 
before  the  second  operation,  that  a  small 
portion  of  the  lightest  particles  of  the 
Creosote  had  been  carried  over  mechani- 
cally into  the  cylinder  by  the  super- 
heated steam.  Once  within  the  cylinder, 
however,  the  two  fluids  obeyed  the  laws 
which  govern  their  respective  volatili- 
ties :  the  Creosote  oil  sank  to  the  bot- 
tom of  the  cylinder,  and  the  vapor  of 
water  only  was  injected  into  the  timber. 
The  sleepers  on  examination  and  testing 
by  the  ordinary  tests,  contained  neither 
tar  oils  nor  tar  acids. 

An  analogous  experiment  tried  at  the 
Timber  Preserving  Works  of  the  Austrian 
North- West  Railway,  is  described  in  the 
journal  of  the  Architects  and  Engineers' 
Institute  of  the  Kingdom  of  Bohemia 
for  1880,  by  Herr  J.  Seidl,  and  the  proc- 
ess has  been  condemned  for  very  similar 
reasons. 

Condition  of  Timber  at  Time  of 
Preparation. —  Getting  Rid  of  Moisture 
by  Stacking  or  Artificially. — The  hy- 
grometric  condition  of  timber  at  the 
time  of  injection  is  an  important  element 
in  the  success  of  the  operation,  all  im- 
portant with  the  Creosoting  process  es- 
pecially. Neglect  on  this  point  has  often 
been  the  cause  of  partial  or  total  fail- 
ure. Woody  fiber  in  itself  is  heavier 
than  water,  its  specific  gravity  being 
generally  considered  as  equal  to  1.5, 
water  being  1.0.     It  is,  therefore,  owing 
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to  the  looseness  of  their  texture,  that  so 
many  kinds  of  timber  are  lighter  than 
water.  The  specific  gravity  of  fir  timber 
varies  ordinarily  between  0.5  and  0.8  ; 
the  difference  arising  as  often  from  the 
varying  density  of  the  timber  itself,  as 
from  the  quantity  of  water  contained. 
As  fir  timber  can,  under  certain  condi- 
tions, absorb  so  much  moisture  as  to  be- 
come water-logged,  or  actually  heavier 
than  water,  its  powers  of  absorption  can 
be  calculated  from  its  specific  gravity. 
It  can  take  up  as  much  as  from  60  to  150 
gallons  of  water  to  the  load  of  50  cubic 
feet,  the  maximum  quantity  being,  of 
course,  an  exceptional  possibility.  Fir 
and  pine,  however,  frequently  contain  as 
much  as  from  15  per  cent,  to  20  per 
cent,  of  water,  after  from  two  to  three 
years'  stacking.  The  question  of  the 
pernicious  effects  of  an  excess  of  moisture 
in  the  timber  at  the  time  of  Creosoting, 
has  been  from  time  to  time  brought  be- 
fore this  Institution  by  Mr.  Bethell,  by 
Mr  Burt  and  by  the  author.  Large  logs 
taken  out  of  timber  ponds,  or  sleepers 
freshly  imported,  are  not  in  most  cases 
in  a  fit  condition  for  Creosoting  until 
after  having  been  stacked  for  from  four 
to  six  months.  The  author,  in  common 
with  most  of  the  earlier  operators  in 
this  process,  has  tried  various  methods 
for  artificially  drying  the  timber.  Steam, 
ordinary  and  superheated,  currents  of 
hot  air,  and  drying  stoves  or  ovens,  have 
been  used  for  this  purpose,  but  have  all, 
in  this  country,  been  abandoned.  To 
subject  timber  to  a  dry  heat,  elevated 
enough  to  remove  its  moisture  with  the 
necessary  rapidity,  will  invariably  result 
in  injury  to  the  wood.  Timber  piles 
stoved  before  Creosoting,  prove  brittle 
when  driven.  The  action  of  the  air- 
pump  in  the  ordinary  process  assists  the 
operation  by  withdrawing  air  from  the 
pores  of  the  wood  ;  but  it  is  a  mistake  to 
suppose  that  it  has  much  effect  in  with- 
drawing moisture. 

These  difficulties  have  perplexed  the 
author  for  many  years.  He  has  recently 
devised  a  method  by  which  to  get  rid  of 
the  moisture  as  part  of  the  timber-pre- 
serving process,  and  without  injury  to 
the  wood.  An  experiment  easy  to  repro- 
duce, and  which  explains  the  nature  of 
this  operation,  is  made  as  follows  :  An 
ordinary  glass  flask,  in  which  are  placed 
some    pieces   of    wood    saturated    with 


water  is  connected  by  glass  tubes  with 
an  experimental  air  pump.  By  working 
the  pump  the  air  is  extracted  from  the 
pores  of  the  timber,  but  however  effi- 
cient the  vacuum  may  be,  no  perceptible 
moisture  is  withdrawn,  nor  would  the 
water  be  removed  from  the  wood  except 
by  a  slow  evaporation  prolonged  beyond 
practical  limits.  This  represents  the 
ordinary  action  of  the  air  pump  upon 
timber  in  a  Creosoting  cylinder.  If  suffi- 
cient heat  be  now  applied  beneath  the 
flask,  the  water  will  become  volatilized, 
and  will  be  withdrawn  rapidly  in  the 
shape  of  steam  by  the  action  of  the  air 
pump.  But  the  wood  will  be  found  to 
crack,  and  open  to  an  extent  which  is  not 
desirable.  This  illustrates  the  result  of 
applying  dry  heat. 

Now  take  a  similar  flask  with  a  con- 
densing apparatus  added  ;  moreover,  the 
flask  should  contain  Creosote  oil,  in 
which  the  wet  timber  is  submerged.  It 
must  be  constantly  borne  in  mind  that 
at  the  ordinary  tension  of  the  atmos- 
phere, the  boiling  point  of  the  Creosote 
oils  ranges  from  about  380°  Fahrenheit 
to  760°  Fahrenheit,  as  compared  to  water 
at  212°  Fahrenheit.  These  boiling  points 
are,  however,  lowered,  according  to  a 
well-known  law,  by  the  effects  of  a 
vacuum.  Let  the  Creosote  in  the  flask 
be  now  heated  to  212°  Fahrenheit,  whilst 
the  air  pump  is  put  into  operation.  The 
heat  being  communicated  through  an  oily 
medium  will  not  injure  the  timber,  from 
which  the  water  is  volatilized,  and  drawn 
out  by  the  air  pump.  The  Creosote  oils 
are  not  volatilized,  as  the  temperature  is 
far  below  their  point  of  ebullition.  The 
water  is  speedily  and  effectually  removed, 
and  the  Creosote  takes  its  place. 

By  the  ordinary  and  well-known  proc- 
ess, after  the  timber  has  been  placed  in 
the  cylinder  and  the  air-tight  door 
closed,  the  air  is  exhausted  from  the 
cylinder,  the  Creosote  is  then  introduced 
heated  to  a  temperature  of  from  100° 
Fahrenheit  to  120°  Fahrenheit,  when  the 
air  pump  ceases  to  work,  and  the  press- 
ure pump  is  put  into  operation. 

Beferring  now  to  the  new  process,  it 
will  be  seen  that  a  large  dome  is  placed 
on  the  top  of  the  cylinder,  to  which  the 
exhaust-pipe  of  the  air  pump  is  attached. 
The  exhausting  process  is  continued 
after  the  Creosote  has  been  introduced 
into  the  cylinder.     The  Creosote  during 
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this  part  of  the  operation  should  not  be 
allowed  to  rise  quite  to  the  top  of  the 
vessel,  a  free  space  being  preserved,  and 
the  dome  kept  empty,  so  that  the  Creo- 
sote is  not  drawn  through  the  exhaust 
pipe.  The  Creosote  is  raised  to  a  tem- 
perature  a  little  exceeding  212°  Fahren- I 
heit  instead  of  120°  Fahrenheit  as  here- 
tofore. The  exhausting  process  is  con-  j 
tinned  until  all  the  water  is  extracted  j 
from  the  timber  in  the  form  of  vapor, 
drawn  through  the  dome,  condensed  by 
passing  through  the  worm  of  the  con- 
densing apparatus,  and  collected  in  the 
receiving  tank,  where  the  quantity  ex- 
tracted can  be  measured.  "With  charges 
of  very  wet  sleepers,  the  author  has  suc- 
ceeded in  withdrawing  water  equal  in 
volume  to  50  gallons  per  load  of  timber, 
and  replacing  this  water  with  an  equal 
volume  of  Creosote  by  the  action  of  the 
air  pump  alone.  If  necessary,  however, 
the  pressure  pump  can  be  afterwards  ap- 
plied in  the  usual  way. 

A  slight  additional  cost,  and  a  few 
hours'  additional  time  are  necessary  for 
dealing  with  very  wet  timber  by  this 
process  as  compared  with  the  ordinary 
method.  But  the  expenditure  in  time 
and  money  is  not  so  great  as  would  be 
required  by  stoving  the  wood  before 
Creosoting.  If,  in  the  absence  of  arti- 
ficial methods,  timber  be  stacked  for  six 
months,  as  it  should  be,  the  interest  on 
capital  represents  a  certain  expenditure 
also.  The  author  ventures  to  suggest 
that  this  is  not  always  taken  sufficiently 
into  account,  in  giving  out  contracts  for 
creosoted  timber.  Other  conditions  be- 
ing equal,  dry  timber  is  at  a  disadvantage 
in  the  competition,  as  far  as  price  is  con- 
cerned, with  timber  just  landed.  Yet  a 
small  extra  expenditure  in  this  particular 
would  frequently  be  repaid  to  the  con- 
sumer twenty  or  thirty-fold  in  the  pro- 
longed duration  of  the  wood. 

Conclusion. — In  conclusion  the  author 
would  remark  that  with  regard  to  certain 
points  mentioned  in  this  paper,  upon 
which  some  controversy  has  at  times 
arisen,  he  has  been  careful  to  advance  no 
opinion  which  he  has  not  confirmed, 
either  by  the  opinions  and  investigations 
of  eminent  authorities,  or  by  careful  and 
reiterated  experiments.  Many  hundreds 
of  experiments  have  been  in  fact  carried 
out  at  the  laboratories  of  the  author's 
firm    at  ^ilvertown  during  the  last  five 


years,  with  the  especial  object  of  investi- 
gating the  properties  of  the  tar  oils  and 
other  antiseptics,  and  their  behavior  in 
contact  with  timber.  To  Mr.  Royle,  Mr. 
Bendix,  and  Mr.  Holmes  of  the  chemical 
staff  of  his  Silvertown  Works  he  has  to 
return  his  best  thanks  for  their  skilled 
assistance,  and  particularly  to  Mr.  Ben- 
dix, who  has  been  more  especially  en- 
trusted with  the  conduct  of  these  experi- 
ments. To  Mr.  Gabbett  he  is  indebted 
for  the  drawings  exhibited. 

The  Treatment  of  Timber  by  Anti- 
septic Methods  has  been  acknowledged 
by  some  of  the  greatest  engineers  of 
this  country  to  have  been  useful  to  the 
art  of  constructive  engineering.  It  may 
be  made  even  more  useful  in  the  future 
than  it  has  been  in  the  past.  All  that 
the  advocates  for  its  still  more  extended 
development  can  desire  to  claim  will  be, 
that  their  methods  and  investigations 
may  be  seriously  examined,  and  from 
time  to  time  decided  upon,  in  accordance 
with  the  results  which  science  and  ex- 
perience may  bring  to  light. 


The  Cltndograph. — The  clyndograph  of  M. 
Moessard  is  a  new  panoramic  photo- 
graphic apparatus,  which  by  a  simple  rotation 
of  the  objective  gives  the  cylindrical  perspec- 
tive of  the  earth.  A  view  furnished  by  the 
apparatus  embraces  an  angle  of  1703,  so  that  a 
complete  turn  of  the  horizon  is  obtained  in  two 
views  and  a  fraction  of  20°  range.  The  instru- 
ment is  based  on  the  principle  that  a  lens  or 
combination  of  lenses,  constituting  a  photo- 
graphic objective,  may  be  subjected  to  any 
movement  whatever  without  the  image  it  pro- 
duces on  a  screen  changing  its  form  or  position, 
provided  that  the  movement  takes  place  around 
the  nodal  point  behind,  which  is  maintained 
immovable.  This  follows  from  the  known 
property  of  the  nodal  point  being  the  point  of 
view  of  the  perspective  produced.  Suppose, 
then,  there  be  (1)  an  objective  suspended  hori- 
zontally and  turning  round  a  vertical  axis  pass- 
ing by  its  after  nodal  point ;  (2)  two  vertical 
shutters  fixed  behind  to  right  and  left  of  the 
objective,  to  limit  the  field  in  the  horizontal 
direction  and  arrest  rays  too  oblique;  (3)  a 
screen,  of  cylindrical  form  vertically  centered 
upon  the  axis  of  rotation,  and  having  for  ra- 
dius the  distance  of  the  nodal  point  from  the 
principal  focus  of  the  objective.  In  any  posi- 
tion whatever  of  the  objective  the  lie  of  the 
country  comprised  in  the  field  of  the  instrument 
will  be  projected  on  the  screen.  If  the  objec- 
tive be  put  in  motion  one  gets  successively  for 
each  point  of  the  panorama  an  immovable  im- 
age which  impresses  the  eye  or  sensitive  paper 
whilst  the  point  remains  between  two  shutters. 
In  M.  Moessard's  actual  apparatus  Thiebaut 
sensitive  plates  are  used  to  receive  impressions. 
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THE  PROPERTIES  OF  MALLEABLE  IRON,  DEDUCED  FROM 
ITS  MICROSCOPIC  STRUCTURE.* 


From  "Iron. 


Although  there  can  be  no  doubt  that 
the  chemical  and  physical  properties  of 
iron  are  closely  connected,  the  one  can- 
not, however,  be  directly  deduced  from  a 
knowledge  of  the  other.  This  deduction 
may  be  performed  with  the  most  certain- 
ty in  the  case  of  pig  or  cast  iron,  which 
possesses  but  a  low  degree  of  toughness, 
while  the  difficulty  increases  with  the  de- 
crease in  the  percentage  of  carbon,  and 
the  increase  in  tensile  strength  and  duc- 
tility. In  the  case  of  malleable  irons 
(steel  and  iron,  ingot  and  weld  steel  and 
iron),  previous  experiences  have  shown 
that  no  basis  exists  on  which  the  connec- 
tion between  chemical  and  physical  prop- 
erties may  be  determined  with  even  the 
slightest  degree  of  certainty.  Even  the 
attempts  to  determine,  from  their  chemi- 
cal composition,  how  rails  will  behave 
during  use,  have  been  entirely  unsuc- 
cessful. Indeed,  rails  which  are  made 
by  the  same  metallurgical  process  from 
the  same  material,  and  of  the  same  chemi- 
cal composition,  do  not  present  the  same 
properties,  although  they  are  through- 
out apparently  homogeneous.  This  is 
even  more  the  case  when  any  of  the  dif- 
ferent varieties  of  iron  occur  together — 
as,  for  example,  in  the  case  of  compound 
armorplates  ;  or  when  similar  varieties  of 
iron  are  produced  by  different  processes 
— for  example,  soft  forge  pig  iron,  open- 
hearth  iron,  and  Bessemer  iron  from  acid 
or  basic  converters.  All  these  varieties 
of  iron  can  have  a  perfectly  identical 
chemical  composition,  and  yet  behave 
entirely  differently  on  working  and  in 
use;  and  also,  after  quite  similar  treat- 
ment by  hammering,  rolling,  &c,  behave 
in  an  entirely  different  manner  from  that 
expected  when  submitted  to  tension, 
pressure  and  percussion. 

Impossible  as  it  is  to  say  from  the 
chemical  composition  found  by  analysis 
what  the  physical  properties  are,  it  is 
equally  impossible  to  deduce  the  chemi- 
cal composition  from  the  physical  prop- 
erties,  for    example,    from    the    tensile 

*  A  paper  read  before  the  Iron  and  Steel  Institute 
by  Dr.  Wedding. 


strength,  elongation,  and  contraction  ob- 
tained on  testing.  Frequently,  too,  the 
results  of  the  tests  of  tensile  strength, 
elongation  and  contraction  are  not  even 
sufficient  to  explain  the  behavior  in  use. 
It  has  frequently  been  observed  that  rails 
of  ingot  iron  possess  the  peculiarity  of 
unexpectedly  breaking  on  being  sudden- 
ly cooled,  or  on  being  exposed  to  a  very 
low  temperature ;  while  rails  of  weld 
iron,  possessing  chemically  the  same 
composition,  and  mechanically  the  same 
tensile  strength,  elongation  and  contrac- 
tion, or  even  when  they  have  given  more 
unfavorable  results,  remain  unaltered. 
The  inconvenience  of  a  sudden  fracture 
of  an  apparently  perfectly  sound  ingot- 
iron  main  shaft  of  a  screw  steamer,  has 
in  many  cases  led  to  the  preference  being 
given  to  an  intrinsically  inferior  one 
made  of  weld  iron. 

In  order  to  explain  these  contradic- 
tions, and  to  fill  up  the  apparent  gaps 
in  the  scientific  metallurgy  of  iron,  re- 
course must  be  had  to  the  microscope, 
which  reveals  properties  that  cannot  be 
discovered  either  by  an  analysis  or  by 
mechanical  tests.  The  investigations 
conducted  by  me,  which  I  here  present 
by  the  kind  invitation  of  the  President 
of  the  Iron  and  Steel  Institute,  my  friend 
Dr.  John  Percy,  have  not  in  any  way  ex- 
hausted the  subject.  They  are  but  the 
commencement  of  the  path  into  a  wider 
field  of  research,  and  are  intended  to 
serve  merely  as  an  inducement  for  fol- 
lowers in  the  same  path.  Microscopic 
investigations  of  iron  have  long  been 
made,  but  only  systematically  in  a  few 
cases.  The  most  complete  are  the  in- 
vestigations of  pig  iron,  especially  the 
researches  of  the  present  Manager  of  the 
Royal  Prussian  Mechanical  Testing  In- 
stitute, Mr.  A.  Martens.  He  has  de- 
vised a  very  satisfactory  method  of  dis- 
tinguishing the  separate  constituents  of 
a  piece  of  iron  by  etching  and  tempering. 
He  has  also,  at  my  request,  prepared  for 
the  Royal  Mining  Academy  of  Berlin  a 
collection  of  120  sections,  upon  which 
the   following  investigations  are  based. 


PROPERTIES    OE   MALLEABLE   IRO]ST. 


49 


Besides  these,  several  test  pieces  from 
the  well-filled  museum  of  that  institution 
were  also  examined.  The  sections  are 
prepared  in  the  following  manner :  The 
small  test  pieces,  obtained  from  the  main 
iron  mass  by  breaking,  planing,  filing  or 
crushing,  are  first  ground  in  a  grinding 
machine  with  a  coarse  emery  wheel,  and 
are  then  evenly  and  finely  ground  upon 
cast-iron  plates  on  which  emery  is  spread. 
Coarse  emery  is  first  employed,  and  is  re- 
placed by  finer  and  finer  emery  as  the 
grinding  proceeds.  The  pieces  of  iron 
are  then  fastened  with  a  cement  of  resin 
and  wax  to  a  thick  piece  of  looking- 
glass.  In  order  to  guard  againt  the  re- 
moval of  the  cement  during  the  grinding 
by  becoming  hot,  water  is  added.  The 
polishing  is  then  effected  by  hand,  with 
polishing  agents  washed  as  carefully  as 
possible,  such  as  ferric  oxide,  putty  pow- 
der, tripoli,  &c.  The  polished  section  is 
then  etched  with  very  dilute  acid ;  for 
this  purpose,  platinum  chloride,  nitric 
acid,  hydrochloric  acid,  acetic  acid  or 
salicylic  acid  is  employed.  A  mixture  of 
tincture  of  galls  and  acetic  acid  is  also 
used.  After  the  etching,  the  section  is 
carefully  heated,  whereupon  the  portions 
attacked  acquire  varying  tints,  mostly 
golden  yellow,  purple,  red,  violet,  or  dark 
blue.  A  subsequent  faint  gilding  has 
also  been  employed  by  Martens.  It 
must  be  borne  in  mind  that  it  is  not  the 
colors  that  are  characteristic,  but  their 
differences.  In  each  section  of  my  paper 
I  give  the  reasons  for  the  conclusions 
which  I  have  drawn  from  my  investiga- 
tions—reasons which,  with  proper  judg- 
ment, may  be  easily  deduced  by  any  ob- 
server who  wishes  to  continue  the  investi- 
gations on  the  same  basis. 

FORMATION  OF   GRAINS   AND  FIBERS. 

Iron,  in  a  pure  state,  as  well  as  in  com- 
bination and  mixture  with  the  amounts 
of  amorphous  carbon,  silicon,  phosphor- 
us or  sulphur  which  occur  in  a  wrought 
iron  of  technical  value,  and  with  a  small 
percentage  of  manganese,  crystallizes  in 
the  regular  system.  When  it  is  possible 
for  crystals  to  form  freely  in  cavities,  the 
crystals  present  an  octahedral  form,  re- 
sembling a  pine  tree,  with  an  embodied 
development  of  the  crystal  axes.  In  the 
compact  iron  mass,  on  the  other  hand, 
the  individual  crystals  do  not  become 
complete,  but  press  one  another,  and 
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form  grains  which  are,  for  the  most  part, 
bounded  by  pentagonal  planes.  Evi- 
dence of  this  is  afforded  by  each  section 
of  a  test-piece  of  iron  that  has  been  al- 
lowed to  cool  quietly,  and  without  being 
disturbed  by  external  pressure,  from  the 
fluid  or  viscous  state  of  aggregation, 
but  is  equally  obtained  in  iron  produced 
by  an  oxidizing  process  from  pig  iron, 
or  by  remelting.  The  size  of  these 
grains,  which,  as  they  belong  to  the  regu- 
lar crystal  system,  appear,  when  the 
piece  of  iron  is  broken,  to  be  on  all  sides 
of  the  same  form,  and  of  the  same  size, 
is  dependent  upon  two  circumstances — 
firstly,  on  the  rapidity  of  the  cooling; 
secondly,  on  the  nature  and  amount  of 
the  other  elements,  either  admixed  or 
chemically  combined  with  the  pure  iron. 
In  the  case  of  malleable  irons,  the 
presence  of  graphite  ought,  as  a  rule, 
not  to  be  taken  into  account ;  it  is  pres- 
ent more  especially  in  the  varieties  of 
steel  rich  in  carbon,  but  in  the  malleable 
irons  in  practical  use  it  occurs  only  ex- 
ceptionally in  such  amounts  as  to  inter- 
fere with  or  influence  the  formation  of 
grains,  as  always  in  the  case  of  gray  pig 
iron.  Other  things  being  equal,  the  size 
of  the  grains  increases  in  proportion  to 
the  slowness  of  cooling.  On  the  other 
hand,  the  size  of  the  grains  decreases, 
with  the  same  kind  of  cooling,  with  the 
proportion  of  carbon  up  to  2  per  cent. 
Above  this  amount,  when  the  percent- 
age of  carbon  rises  or  falls,  the  grairs 
increase  in  size.  Silicon,  sulphur,  and 
small  amounts  of  manganese,  titanium, 
chromium,  and  tungsten,  favor  the  small- 
ness  of  the  crystals,  whilst  phosphorus 
increases  their  size.  Evidence  of  this  is 
best  afforded  by  pieces  of  crucible  cast 
steel  containing  various  amounts  of  car- 
bon, or  containing  the  same  amount  of 
carbon  and  varying  amounts  of  the 
other  substances  mentioned.  In  this 
case  the  microscope  is  hardly  necessary, 
for  even  the  naked  eye  can  detect  the 
truth.  In  tungsten  steel,  containing  2 
per  cent,  of  carbon,  an  almost  amor- 
phous fracture  is  exhibited. 

The  only  element  that  changes  the 
regular  crystal  form  of  iron  containing 
carbon  into  a  rhombic,  or,  as  the  end 
faces  have  not  with  certainty  been  deter- 
!  mined  as  in  right  angles,  into,  at  any 
j  rate,  a  crystal  form  not  belonging  to  the 
regular  system,  is  manganese  in  consid- 
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erable  quantities.  It  is  not  astonishing 
that  inconsiderable  amounts  of  mangan- 
ese effect  no  change.  An  analogous 
phenomenon  is  frequently  observed  in 
the  crystallization  of  salts  from  aqueous 
solutions,  in  which  small  quantities  of 
other  crystallizing  substances  effect  either 
no  change,  or  but  an  inconsiderable  one, 
in  the  form  of  salt  crystals.  As  soon  as 
manganese  occurs  in  large  quantities, 
from  2  per  cent.,  according  to  my  investi- 
gations, the  regular  crystal  form  of  the 
iron  is  changed.  This  may  easily  be  seen 
in  the  case  of  pig  iron;  from,  granular 
iron  a  radiated  white  iron  is  obtained ; 
with  a  larger  percentage  of  manganese, 
foliated  spiegeleisen ;  and  with  a  still 
higher  percentage  of  manganese,  colum- 
nar ferromanganese  is  got.  Malleable 
iron  with  more  than  two  per  cent,  of  man- 
ganese occurs  only  in  unsuccessful  Bes- 
semer castings.  Under  the  microscope, 
too,  it  is  difficult  to  detect  the  influ- 
ence of  manganese,  as  the  crystal  grains, 
dsscribed  later  on,  appear  to  acquire 
only,  when  the  percentage  of  manganese 
increases,  a  long  columnar  form.  At  all 
events,  these  influences  may  be  better  de- 
tected, as  also  in  the  case  of  pig  iron, 
with  a  larger  field  of  vision  under  a 
magnifying  glass  than  with  the  micro- 
scope. Each  individual  grain  in  malle- 
able iron  is  ductile.  The  malleability  of 
the  entire  piece  of  iron  depends  upon  the 
ductility  of  the  separate  grains. 

If  pressure  is  exerted  on  an  individ- 
ual grain  in  the  direction  of  but  one  axis, 
as  occurs,  for  example,  when  a  piece  of 
iron  is  hammered  on  an  anvil,  there  is 
formed  from  the  round,  or,  more  correct- 
ly speaking,  many-sided  grain,  bounded 
by  pentagonal  planes,  a  plate  technically 
known  as  "  scale  "  (Schuppe).  If,  on  the 
other  hand,  the  pressure  acts  in  the  di- 
rection of  two  axes,  either  at  the  same 
time,  as  in  the  case  of  rolling  with  a  di- 
agonal groove,  or  at  different  times,  as  in 
the  case  of  hammering  an  ingot  or  rolling 
a  bar,  turning  it  round  90°  after  every 
passage  through  the  rolls,  the  grain  is 
converted  into  a  column,  which  belongs 
apparently  to  the  tetragonal  system,  and 
which  is,  in  practice,  termed  a  "  fiber  ' 
(Sehne).  Fibers  are  thus  elongated 
grains.  Confirmation  of  this  assertion 
may  be  obtained  under  the  microscope 
with  sections  cut  from  rough  and  worked 
dieces  of  iron,  partly  parallel,   partly   at 


right  angles  to  the  plane  of  pressure. 
The  phenomena  are,  for  reasons  that  are 
explained  below,  most  distinct  in  the  case 
of  quite  soft  weld  iron  rich  in  slag.  In 
sections  parallel  to  the  fibers  the  separate 
columns  may  be  very  clearly  followed, 
while  in  sections  at  right  angles  to  the 
fibers  no  elongation  is  noticeable.  This 
fact  explains  why  a  fracture  at  right 
angles  to  the  fibers  appears  granular  to 
the  naked  eye.  A  fiber  cannot,  however, 
extend  in  any  possible  length  without 
again  breaking  up  when  given  conditions 
are  brought  into  play.  The  percentage 
of  carbon  has  the  greatest  influence  on 
this  phenomenon.  If  the  percentage 
reaches  or  exceeds  0.5  the  fibers  split  up 
into  grains,  even  with  slight  stretching. 
The  same  effect  is  produced  also  with  a 
low  percentage  of  carbon  by  a  very  small 
amount  of  phosphorus,  a  large  amount 
of  silicon,  or  a  not  inconsiderable  amount 
of  sulphur. 

Under  such  circumstances  the  fibers, 
on  being  stretched,  split  up  into  grains, 
which  must  always  be  smaller  than  the 
grains  from  which  they  originated.  This 
phenomenon  is  better  shown  under  the 
magnifying  glass  than  under  the  micro- 
scope, as  the  field  of  the  latter  is  not 
large  enough  to  show  several  grains  at 
the  same  time  if  they  are  not  very  minute. 
The  fact  that  steels  rich  in  carbon,  and 
finely  granular  iron  (Feinkorneisen),  form 
no  fibers,  is  well  known  in  practice.  The 
formation  of  grains  by  phosphorus  is  so 
characteristic,  that  it  is  employed  for  de- 
tecting very  small  amounts  of  this  ele- 
ment in  basic  Bessemer  iron.  Moreover, 
this  fact  shows  that  from  a  fibrous  iron 
a  coarsely  granular  iron  cannot  be  formed 
by  any  influence,  with  the  exception  of 
elevated  temperature.  The  theory  of  a 
conversion  of  this  kind  by  means  of  faint 
concussions  must  consequently  be  rele- 
gated to  the  domain  of  fable.  The  frac- 
ture of  a  fibrous  iron  can  only  exhibit  a 
grain  equal  to  the  section  of  the  fibers, 
or  a  finer  grain  when,  through  concus- 
sion, an  elongation  has  been  effected. 
This  is  confirmed,  I  may  add,  by  the  ex- 
periments of  Wobler  and  Spangenberg. 

CONDITIONS  FOR  THE  FORMATION  OF  FIBERS  IN 
IRONS  POOR  IN  CARBON. 

Although  iron  poor  in  carbon  is  alone 
adapted  for  the  formation  of  fibers,  yet 
every   iron  poor  in   carbon,  when   com- 
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pressed  in  the  direction  of  two  axes,  does  tion  of  fibers  does   not  take  place  with 


not  form  fibers.     It  is  a 
weld   iron,    during-   the 


known  fact  that 
rolling:   process 


out  the  admixture  of  slag.     Proof  of  this 
is  afforded  by  the  results  obtained  with 


very  easily  forms  fibers,  but    that  ingot  i  the  Bessemer  process  on  a  small  scale  at 


iron  very  rarely  does  so.  The  reasons 
for  this  remarkable  phenomenon  are  also 
explained  by  means  of  the  microscope. 
Microscopic  examination  of  sections  of 
fibrous  iron  parallel  to  the  direction  of 
the    fibers,    shows    that    the    individual 


Avesta.  in  Sweden,  where  a  perfectly 
fibrous  ingot  iron  was  produced  in  the 
Bessemer  process  by  an  intentional  ad- 
mixture of  slag.  Further  proof  is  afford- 
ed by  the  tests  to  determine  whether  the 
iron,  in  the   basic   process,  is  free   from 


fibers  form  wires  which  lie  parallel  to  one !  phosphorus.  The  iron,  which  is  ladled 
another.  But  they  never,  even  in  the  case  |  out  for  the  test,  is  mixed  with  slag,  and 
of  the  softest  weld  iron,  have  a  very  long  |  consequently,  when  under  the  hammer, 
extension,  but  always  give  place  to  new  I  the  formation  of  fibers  is  effected,  which 
fiber  heads,  which  rarely  lie  in  the  same !  gives  a  silk-like  structure  to  pure  iron, 
direction,  being  generally  more  or  less  |  in  contradistinction  to  iron  containing 
displaced,  though  always  parallel.  From  |  phosphorus,  which  remains  crystalline, 
this  it  may  be  concluded  that  the  strength  By  this  means  it  may  very  easily  be  seen 
of  fibrous  iron  depends  on  the  fact  that,  j  whether  the  iron  is  free  from  phosphorus. 

Moreover,  the  microscope  shows  that  the 
slag  portions  in  fibrous  iron  are  inti- 
mately mixed  with  the  iron,  since,  even 
within  the  separate  fiber  skeins,  portions 
of  slag  may,  with  a  sufficiently  high  mag- 
nifying power,  be  always  discovered.  Va- 
rieties of  iron  that  are  very  free  from 
slag,  as,  for  example,  crucible  cast  steel,, 
are  hence  the  most  averse  to  the  forma- 
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like  the  individual  hemp  fibers  in  a  rope, 
the  fibers  lie  with  their  ends  in  various 
sections.  The  microscope  shows  further 
that  none  of  these  wires  or  fibers  is  di- 
rectly connected  with  its  neighbors, 
either  in  a  lateral  or  longitudinal  direc- 
tion. In  fact,  each  fiber  may,  by  careful 
etching,  be  picked  out  like  those  of  a 
muscle  of  the  human  body.  On  examin- 
ing into  the  cause  of  the  separation  of  a  |  tion  of  fibers, 
fiber  from  those  immediately  surround- 
ing it.  a  separating  intermediate  layer  is 
distinctly  observed.  This  intermediate 
layer  is  composed  of  slag  or  iron  scale 
(Fes04).  These  intermediate  layers  ac- 
company the  fibers,  in  every  case,  as  far 
as  their  ends,  and  there  surround  the 
fiber  heads  as  a  very  fine  envelope,  either 
joining  the  following  fibers,  or  undergo- 
ing a  short  disconnection.  In  the  latter 
case  a  granular  structure  immediately  oc- 
curs at  the  point  in  question,  that  is  to 
say,  an  agglomerate  of  crystals  may  be 
seen,  which  are  shifted  towards  one  an- 
other and  intimately  entangled. 

This  latter  phenomenon  is  so  frequent- 
ly the  rule  that,  with  a  small  field  and  a 
high  power,  and  with  a  section  parallel 
to  the  fibers,  the 


OF  THE   INDIVIDUAL    IRON 
CRYSTALS. 


observer  imagines  that 
he  is  looking  at  a  granular  iron,  while 
with  even  a  slight  shifting  of  the  object 
in  a  longitudinal  direction,  the  elongated 
crystals  again  appear  as  fibers.  Just  as 
this  phenomenon  of  grain  formation  be- 
tween the  fibers  only  occurs  when  no 
separating  slag  envelope  is  present,  in 
the  same  way  in  the  formation  of  fibers 
the  slag  envelope  is  never  wanting.  From 
this  it  must  be  concluded  that  the  forma - 


While,  under  the  microscope,  weld  iron 
is  very  suitable  for  the  study  of  the  for- 
mation of  fibers,  it  is,  on  account  of  the 
slag  mixed  with  it,  unsuitable  for  the  in- 
vestigation of  the  grains  and  the  individ- 
ual iron  crystals.  For  the  latter,  ingot 
iron  alone  is  quite  suitable.  In  the  mi- 
croscopic examination  of  the  various  va- 
rieties of  iron,  the  only  variety  appear- 
ing approximately  homogeneous,  and 
composed  of  grains  of  the  same  size,  is 
crucible  cast  steel  that  has  cooled  com- 
paratively quickly.  In  all  other  varieties, 
even  in  test  pieces  from  large,  and  there- 
fore slowly  set,  ingots  of  cast  steel,  on 
etching  the  thin  section,  two  different 
varieties  of  iron  are  exhibited,  one  of 
which  is  interstratified  in  the  other,  by 
which  it  is  in  a  manner  surrounded,  so 
that  the  smooth  cut  plane  of  fracture  ac- 
quires a  porphyritic  appearance.  The 
closer  the  iron  approaches  to  raw  iron, 
that  is  to  say,  to  the  original  state  in 
which  it  was  produced,  the  more  dis- 
tinctly do  the  two  kinds  of  iron  separate 
from  each  other,  and  exhibit  a  network 
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enclosing  angular  bodies.  In  the  follow- 
ing portion  of  my  paper  the  angular  in- 
clusions are  termed  crystalline  iron, 
while  for  the  iron  forming  the  network 
the  term  homogeneous  iron  is  reserved, 
merely  for  the  sake  of  clearness  and  brev- 
ity. The  form  of  the  crystalline  iron 
bodies  is  that  of  regular  polygons,  only 
in  the  interior  of  iron  ingots  that  have 
cooled  uniformly.  In  other  cases  the 
crystalline  iron  bodies  are,  as  a  rule,  ex- 
tended in  one  direction,  and  this  longer 
axis  is  at  right  angles  to  the  cooling  sur- 
face in  the  case  of  iron  simply  set,  and 
not  submitted  to  any  subsequent  treat- 
ment. In  the  case  of  pieces  of  worked 
iron,  on  the  other  hand,  it  follows  the 
course  of  the  homogeneous  iron  portions, 
or  corresponds  to  the  axis  that  is  not 
compressed — generally  the  longitudinal 
one.  Bodies  of  this  kind  often  occur  to- 
gether, and  thus  give  rise  to  forms  resem- 
bling letters,  and  apparently  quite  irregu- 
lar. These  forms,  however,  under  a  suf- 
ficiently high  power,  may  always  be  fur- 
ther split  up,  exhibiting  the  manner  in 
which  they  are  formed  of  single  regular 
bodies.  The  crystalline  iron  bodies  occur 
the  more  frequently,  but,  at  the  same 
time,  of  smaller  dimensions,  the  more 
closely  the  proportion  of  carbon  ap- 
proaches the  limit  of  2  per  cent.  In  soft 
iron,  low  in  carbon,  they  are  often  widely 
separated  from  one  another,  but  are  of 
considerable  size.  The  crystalline  iron 
bodies  of  the  latter  kind  appear  to  con- 
sist again  of  various  parts.  The  impurer 
the  iron  investigated  the  more  they  ex- 
hibit surfaces  not  unlike  that  of  a  check- 
ered cloth.  On  the  other  hand  the  homo- 
geneous iron  forming  the  network  is 
very  uniform,  even  when  seen  under  a 
very  high  magnifying  power. 

It  is  remarkable  that  the  homogeneous 
iron  is  sometimes  harder  and  sometimes 
softer  than  the  crystalline  iron.  If  the 
iron  has  been  produced  by  a  decarburiz- 
ing  process,  it  is  softer.  If  the  iron  (as 
for  example,  cement  steel)  has  been  pro- 
duced by  a  carburizing  process,  it  is 
harder.  This  may  easily  be  seen  from 
the  fact  that,  with  etched  test-pieces  of  the 
former  kind,  the  network  is  depressed 
from  the  surface,  while  in  test  pieces  of 
the  second  kind  the  network  projects 
from  the  surface.  Hence,  the  homoge- 
neous iron  appears  to  be  the  conductor  of 
oxidation  and   carburization,    by    which 


means  a  molecular  change  to  crystalline 
iron  is  effected.  If  these  phenomena 
have  been  made  sufficiently  clear  from 
the  study  of  ingot  iron,  the  same  may 
also  be  discovered  in  the  case  of  weld 
iron.  Here  the  homogeneous  iron  passes 
through  the  iron  mass,  frequently  like 
leaves,  in  a  direction  inclined  to  the  axes 
of  the  fibers,  forming,  to  a  certain  extent, 
the  cement  between  the  fiber  bundles. 
An  explanation  of  these  phenomena,  hith- 
erto studied  but  little,  if  at  all,  can  only 
be  found  in  the  want  of  uniformity  in 
the  iron.  Obviously,  particles  of  the 
same  kind  collect  together  and  separate 
out  in  the  remaining  mass  that  is  still 
fluid.  For  the  present  it  is,  however, 
not  clear  why  the  homogeneous  iron, 
which  apparently  represents  a  pure  met- 
al, forms  the  ground  mass  that  remains 
fluid  to  the  last;  as  one  might  be  in- 
clined to  assume  that,  as  in  the  puddling 
process,  the  grains  of  pure  iron  separate 
out  first  and  are  drawn  through  or  sur- 
rounded by  the  impure  fluid  iron  mass. 
This  phenemenon  consequently  requires 
further  investigation.  It  might,  perhaps, 
be  possible,  by  careful  etching  of  large 
masses  of  iron,  to  dissolve  sufficient  ma- 
terial for  an  analysis. 

WELDING. 

The  scientific  explanation  enunciated 
by  me  some  years  ago  that  welding  rep- 
resents the  transition  from  adhesion  to 
cohesion  has  been  somewhat  generally 
adopted  as  a  satisfactory  one.  This  ex- 
planation, however,  has  been  considerably 
modified  by  the  results  of  microscopic 
investigation.  The  fibers  of  weld  iron 
are  situated  like  parallel  wires  in  a  bundle 
of  wire,  only  connected  by  slag,  or,  bet- 
ter, separated  by  slag  ;  but  where  the 
fibers  are  replaced  by  grains,  the  homo- 
geneous iron  again  occurs  surrounding 
them,  or,  at  least,  flowing  through  them. 
The  corners  and  bends  formed  by  the 
homogeneous  iron  increase  in  propor- 
tion to  the  size  of  the  crystals,  and  this 
explains,  as  is  shown  by  the  microscopi- 
cal examination  of  cold  short  iron,  the 
weakness  of  iron  containing  phosphorus. 
In  the  case  of  ingot  iron,  on  the  other 
hand,  the  homogeneous  iron  forms  an 
evenly  surrounding  layer  around  the 
crystalline  iron,  and  forms,  in  this  man- 
ner, the  connecting  mass,  so  that  the 
fracture  of  a   very  finely-granular  steel 
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resembles  in  every  way  that  of  an  amor- 
phous substance,  such  as  glass,  although 
the  individual  crystal  grains  produce  the 
roughness  of  the  fractured  surface.  The 
greater  irregularity  of  ingot  iron,  corre- 
sponding to  the  distribution  of  the  two 
varieties  of  iron  it  contains,  as  compared 
with  weld  iron,  does  not,  however, 
prevent  the  mass  of  the  metal  showing, 
on  the  whole,  a  greater  resemblance  to  a 
homogeneous  substance  than  weld  iron 
does.  This  fact  explains  the  greater  ten- 
sile strength  of  ingot  iron  as  compared 
with  weld  iron.  In  the  case  of  the  latter, 
traction  acts  separately  upon  each  indi- 
vidual fiber,  just  as  it  would  upon  each 
individual  wire  contained  in  a  bundle  of 
wires.  When  the  limit  of  elasticity  is 
passed,  each  fiber  stretches  separately, 
and  breaks  on  passing  the  limit  of  resist- 
ance, the  consequence  being  that  weld 
iron  breaks  gradually  and  not  suddenly. 
In  the  case  of  ingot  iron  the  grains 
stretch  independently,  and  change  their 
relative  positions  without,  however,  los- 
ing their  connection  with  one  another, 
which  is  produced  by  the  homogeneous 
iron,  until  the  limit  of  resistance  is 
reached  ;  then,  however,  the  fracture  is  a 
sudden  one.  This  property  of  ingot  iron 
is,  if  properly  applied,  an  advantage  as 
compared  with  weld  iron,  and  not  a  dis- 
advantage, as  is  supposed  by  many  engi- 
neers, who  find  it  impossible  to  break 
loose  from  old-fashioned  ideas. 

The  uniformity  of  ingot  iron  as  a 
whole  is  only  interrupted  by  the  presence 
of  blowholes.  It  is  a  well-known  fact 
that  it  is  impossible  to  produce  castings 
of  ingot  metal  which  are  entirely  free 
from  blowholes.  The,  difficulty  increases 
in  inverse  proportion  to  the  percentage 
of  carbon.  Again,  it  is  well  known  that 
the  formation  of  blowholes  may,  to  a  con- 
siderable extent,  be  prevented  by  allow- 
ing the  metal  to  stand  quietly,  by  pouring 
at  a  definite  temperature,  by  the  addi- 
tion of  silicon,  A:c.  ;  or  that,  by  the  ap- 
plication of  pressure,  a  uniform  distribu- 
tion of  the  blowholes  may  be  effected. 
The  microscope,  however,  shows  that 
blowholes  never  disappear  entirely,  al- 
though they  are  to  a  great  degree  elimi- 
nated in  the  case  of  crucible  cast  steel ; 
they  are  most  abundant  in  Bessemer 
steel,  open-hearth  steel  holding  an  inter- 
mediate position  between  the  two.  The 
blowholes  appear  to  be  always  surround- 


ed by  homogeneous  iron,  and  never  to 
occur  in  the  crystalline  variety,  nor  even 
to  pass  through  the  crystalline  iron 
bodies.  The  microscopic  examination  of 
blowholes  occurring  at  some  distance 
from  the  surface  of  an  ingot  iron  casting- 
is  of  some  interest.  The  connection  of 
the  external  layer  of  the  casting  with  the 
internal  portion  is,  in  this  case,  always 
represented  by  a  network  of  homogeneous 
iron,  never  by  the  crystalline  iron  bodies 
which  occur  as  elongated,  distinctly-de- 
fined curves  placed  perpendicularly  to 
the  cooling  surface,  while  continuous 
veins  of  the  homogeneous  iron  may  be 
traced  from  the  edge  to  the  interior. 

What  I  have  hitherto  stated  refers  to 
the  connection  or  welding  together  of  the 
parts  of  iron  in  the  case  of  one  piece. 
It  is  somewhat  different  in  the  case  of 
two  pieces  of  iron  which  have  been 
welded  together.  In  this  latter  case  the 
joins  are  always  discernible.  In  weld 
iron,  however,  at  the  point  where  two 
fibers  of  the  two  separate  pieces  simul- 
taneously cease,  it  is  evident  that  there 
has  been  a  mingling  of  the  crystals. 
There  are  probably  those  points  which 
appear  crystalline  when  a  weld  seam  is 
torn  apart,  and  in  which  the  adhesion  of 
the  two  pieces  of  iron  has  really  changed 
to  cohesion.  It  is  different  in  the  case  of 
two  pieces  of  ingot  iron.  In  this  metal 
the  joins  can  always  be  traced.  It  is 
true  that  the  crystalline  portions  of  the 
two  piece,  after  being  worked  consider- 
ably, are  pressed  into  one  another,  and 
consequently  hold  together  somewhat 
like  hooks  ;  but  the  homogeneous  iron, 
which  always  occupies  the  surface,  ap- 
pears never  really  to  combine.  From 
this  it  may  be  concluded  that,  for  a  true 
welding  of  ingot  iron  it  is  necessary  to 
heat  the  metal  almost  to  its  melting 
point.  This  explains  the  imperfection 
of  all  ingot  iron  welds,  and  it  would  be 
better  for  engineers  to  avoid  entirely  all 
welds  of  this  kind,  and  to  replace  them 
by  iron  suitably  shaped.  It  also  explains 
why  a  very  soft  ingot  iron  containing 
slag  may  be  welded  just  like  weld  iron. 
The  strength  of  a  finished  piece  of  iron 
depends  on  the  sectional  area  of  the  mass 
of  iron  it  contains.  From  the  total  sec- 
tional area  of  a  piece  of  weld  iron  the 
slag  inclusions,  and,  in  the  case  of  ingot 
iron,    the  blowholes   must  be  deducted. 

This  calculation  is  decidedly  in  favor 
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of  the  ingot  iron,  though  it  can  only  be 
superficially  effected,  even  with  our  pres- 
ent knowledge  of  microscopy. 

CONCLUSION. 

However  in  exhaustive  my  observations 
may  have  been,  seeing  that  the  examina- 
tion was  confined  to,  at  the  most,  a  few 
hundred  microscopic  sections,  still  I  trust 
that  they  have  yielded  interesting  explan- 
ations, or,  at  all  events,  suggestions  ;  and 
it  would  afford  me  much  pleasure  to  have 
an  opportunity  of  showing,  in  Berlin,  to 
the  members  of  the  Iron  and  Steel  Insti- 
tute, proofs  of  the  statements  made  in 
my  paper. 

Sir  Henry  Bessemer — With  regard  to 
the  crystallization  of  iron  or  steel  that 
had  undergone  fusion,  very  different  re- 
sults were  obtained  according  to  the  size 
and  form  of  the  crystals,  and  this  again 
was  dependent  upon  the  perfect  stillness 
or  otherwise  of  the  mass  under  opera- 
tion. In  England  the  crystallization  of 
sugar  was  allowed  to  go  on  unobstructed, 
and,  therefore,  large  and  distinct  crys- 
tals were  formed ;  whereas  in  France  it 
was  stirred  during  the  crystallization, 
and  so  an  amorphous  mass  of  saccharine 
was  produced,  and  the  crystals  were  less 
hold  and  distinct.  Nearly  thirty  years 
ago  he  was  anxious  to  see  how  the  pres- 
ence of  phosphorus  affected  crystalliza- 
tion, for  he  suspected  that  the  large  crys- 
tals from  which  his  process  at  that  early 
period  was  suffering  were  due  to  the 
presence  of  that  deleterious  element.  He 
determined  to  allow  the  mass  to  cool  as 
slowly  as  possible,  and  for  that  purpose 
he  had  a  large  hole  made  in  the  ground 
four  feet  in  diameter,  lined  with  brick. 
A  charcoal  fire  was  kept  in  it  for  three  or 
four  days,  and  when  it  was  heated  to  a 
white  heat  a  mass  of  Bessemer  iron, 
wholly  decarbonized,  was  poured  into  it. 
It  was  then  covered  with  hot  sand,  so 
that  the  escape  of  heat  was  rendered  al- 
most impossible  except  by  slow  percola- 
tion. At  the  end  of  five  or  six  days  the 
mass  was  taken  out  and  allowed  to  cool, 
and  he  found  that  a  piece  15  inches  in 
diameter  was  readily  broken  through  by 
a  single  blow  of  a  large  hammer.  By 
taking  it  in  one  hand  and  striking  it  with 
a  2-lb.  hammer  he  could  detach  showers 
of  crystals.  The  cohesion  of  the  mass 
had  been  rendered  almost  nil  by  the  per- 
fection of  the  crystals.      Some  of  them 


were  cubes  of  nearly  the  size  of  common 
dice,  and  were  beautifully  polished  and 
white.  They  could  be  hammered  out  into 
discs  as  large  as  a  sixpenny  piece,  show- 
ing that  the  metal  was  malleable,  and  it 
owed  it  excessive  weakness  only  to  the 
perfect  crystallization  which  had  been 
encouraged  by  that  particular  process. 
That,  perhaps,  was  one  of  the  points 
which  practical  men  would,  with  a  little 
consideration,  no  doubt  apply  in  some 
shape  or  other.  It  was  quite  impossible, 
when  iron  was  produced  in  a  malleable 
state,  and  recarburetted  by  putting  very 
highly  carburetted  metal  into  it,  that  the 
simple  pouring  of  these  two  elements  to- 
gether could  produce  a  homogeneous 
mass.  In  every  ingot  of  ordinary  iron 
or  steel  there  were  strata  of  the  mallea- 
ble iron  mixed  with  the  carbonizing  met- 
al, and  it  was  only  by  a  thorough  admix- 
ture of  those  parts  before  casting  took 
place  that  they  could  hope  to  get  any- 
thing like  a  homogeneous  result.  Even 
that,  as  Dr.  Wedding  had  shown,  was 
not  sufficient  to  prevent  the  formation  of 
different  kinds  of  crystallization,  as 
though  some  particles  elected  to  form 
crystals  of  themselves,  and,  having  ab- 
stracted certain  atoms  to  form  that  crys- 
tal, they  left  in  their  immediate  neigh- 
borhood and  surrounding  them  another 
compound  of  iron  containing  more  or 
less  carbon  than  the  central  nucleus  was 
formed  of. 

Mr.  Bauermann  regretted  the  absence 
of  illustrations  of  the  structures  de- 
scribed in  the  paper.  A  Bussian  observer 
had  stated  that  in  all  he  had  examined 
the  crystals  belonged  to  the  cubic  system, 
but  Professor  Malliard,  of  the  Ecole  des 
Mines,  Paris,  stated  that  the  cubic  form 
was  retained  only  up  to  when  the  alloys 
contained  less  than  50  per  cent,  of  man- 
ganese. The  paper  stated  that  by  roll- 
ing the  grain  was  converted  into  a  col- 
umn belonging  apparently  to  the  tetrago- 
nal system.  It  would,  therefore,  seem 
that  it  was  not  a  really  crystalline  change, 
but  something  analogous  to  what  took 
place  when  any  homogeneous  material, 
such  as  glass,  was  strained. 


Aocoeding  to  the  census  returns  of  1881  the 
Civil  Service  employed  50,245  persons, 
and  the  police  32,508.  Soldiers,  with  yeoman- 
ry and  militia  number  87,168. 

—  The  Engineer. 
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RENDERING  WOOD  FOR  BUILDING  PURPOSES  NON- 
INFLAMMABLE.* 

Br  THOMAS  MANSON  RYMER-JOXES,  M.  Inst.  C.E.,  F.R.G.S.,  and  JOHN  RYMER-JONES,  M.  Inst.  Tel.,  Eng. 

From  "The  Building  News." 


The  rendering  of  wood  for  house  con- 
struction non-inflammable  should  be  a 
subject  of  great  interest  to  all.  There 
is,  however,  little  information  obtainable 
from  published  works.  The  Japanese 
light  structure  is,  perhaps,  a  necessary 
evil,  but  also  has  its  advantages,  and  the 
Japanese  would  probably  be  unwilling, 
either  from  conservative  feelings  or  from 
a  question  of  expense  to  build  more 
costly,  durable  and  fire-proof  houses. 
Let  us  see,  then,  how  these  wooden 
buildings  may  be  preserved  from  de- 
struction by  fire,  though  the  cost  in  the 
more  thorough  processes  may  be  pos- 
sibly sufficient  to  preclude  their  use 
among  those  whose  poverty  is  the  rea- 
son for  their  not  building  more  durable 
houses.  Secondly,  it  must  be  remem- 
bered that  an  individual  house,  though 
it  would  not  burn  by  itself,  yet  if  sur- 
rounded by  a  conflagration  of  the  adja- 
cent buildings  would  smoulder  away, 
though  it  would  not  burst  into  flame. 
Hence,  it  is  necessary  that  a  block  or 
small  number  of  prepared  houses  should 
be  together,  in  which  case  only  those 
nearest  to  the  advancing  fire  would  be 
damaged  and  all  the  rest  remain  intact. 
This  might  be  done  by  Government 
order,  private  agreement  amongst  them- 
selves, or  a  fire  insurance  company,  who 
would  take  insurances  on  any  block  so 
prepared  at  moderate  rates.  Let  us  then 
proceed  to  pass  the  various  processes  in 
review,  with  their  advantages  and  disad- 
vantages fully  set  out,  and  with  their 
capabilities  for  preserving  fabrics  as  well 
as  timber  from  fire.  Should  it  be  de- 
cided to  impregnate  the  wood  with 
chemicals,  this  can  be  done,  or  a  super- 
ficial coating  of  fireproof  and  waterproof 
paint  over  the  wood  may  be  put  on,  or 
both ;  but  the  Japanese  do  not  paint 
their  wood  much,  and  might  not  care  to 
do  so.  In  either  case  it  would  be  neces- 
sary   to   use  a    preservative,    which,    in 

*  A  paper  read  before  the  Civil  and  Mechanical  En- 
gineers' Society. 


!  places  exposed  to  rain  or  washing,  would 
I  not    wash    out.     How    far    those    non- 
>  inflammable  salts  which  unite  chemically 
|  with   the   albuminous   and    nitrogenous 
'  matter  in  the  wood  are  capable  of  resist- 
:  ing   wet  it  is  difficult  to  say  with  cer- 
1  tainty ;  but   there  are   some   which    we 
;  shall  proceed  to  give  further  on  which 
I  do   effectually   resist    water    and    soap. 
Again,  it  must  be  a  sine  qua  non  that,  what- 
j  ever  the  fireproofing  material  used  may 
be,  it  must  be  one  which,  when  exposed 
I  to  the  action  of  fire,  does  not  give  off  in- 
I  jurious  or  suffocating  smoke.      Also,  if 
I  the  impregnation  of  the  timber  is  to  be 
thorough — i.  e.,  through  the  whole  of  the 
wood — it  would  be  most  advantageously 
done  whilst  the  wood  is  green  and  the 
j  sap   uncongealed,    otherwise    the    tubes 
!  become  clogged,  and  the  injection  of  the 
|  chemicals    only    extends    to    a    certain 
[  depth  in  the  wood  if  the  latter  is  dry. 
'  Impregnating   the  timber   when    green, 
I  and  operating  on  large  balks,  would  per- 
|  haps   be   more    economical    than    upon 
;  smaller  pieces  when  cut  up.     Moreover, 
!  the  coarse-grained  quickly-grown  timber 
;  required  in  this  case  is  most  suitable  and 
cheapest ;    but   then   salts   are   said    to 
make  wood  soft,  and  cut  across  the  grain, 
!  so   that   it   might  be  difficult  with  the 
;  ordinary  handsaw  to   cut  out  the  more 
'  delicate  work  which  is  so  largely  used  in 
i  Japanese  houses.      Lastly,  if  the  wood 
is   impregnated   while   green,   the    non- 
;  inflammable  solution  acts  chemically  on 
the  sap  and  destroys  the  germs  of  rot ; 
for  although  most  of  the  sap  is  driven 
i  out  and  replaced  by  the   solution,  still 
|  a  little  remains  in  the  moist  wood,  and 
j  this   would  tend   to  dilute  the  injected 
solution,  and  also  cause  subsequent  de- 
I  cay.     Of  course,  the  "  shortness  "  of  the 
j  wood  caused  by  salts  applied  to  balks, 
I  whether    prepared  when   green  or  well 
seasoned.     These  remarks  are  by  way  of 
preface.      The   following   has   reference 
j  principally  to   the   preservation  of  tele- 
graph-poles from  decay,  but  is  equally 
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applicable  to  our  subject.  Gavey  and 
Douglas  say :  "  The  physical  formation 
of  a  tree  is  made  up  principally  of  cellu- 
lar tissue-woody  fiber  and  vascular  tis- 
sue. Cellular  tissue  consists  of  little 
colorless  bladders  or  vesicles  of  various 
figures  adhering  together  in  masses  and 
filled  with  liquids.  Woody  fiber  is  an 
elongated  form  of  cellular  tissue  in- 
crusted  and  hardened  by  various  sub- 
stances, which  give  the  distinguishing 
characteristics  to  different  classes  of 
timber.  Vascular  tissue  consists  of  small 
membranous  spiral  tubes  or  vessels  which 
aerate  and  transmit  some  of  the  fluids 
in  the  plants.  If  a  transverse  section  of 
a  piece  of  exogenous  timber  be  exam- 
ined, it  will  be  found  to  consist  (1)  of  a 
small  portion  of  central  pith ;  (2)  the 
woody  portion,  divided  into  the  heart- 
wood  and  sapwood  ;  (3)  the  bark,  which 
latter  is  divided  into  the  true  bark  and 
epidermis ;  and,  lastly,  the  medullary 
rays,  which  are  thin  vertical  plates  con- 
necting the  bark  and  the  pith,  and  radi- 
ating from  the  center  to  the  circumfer- 
ence. In  a  young  shoot,  the  pith,  which 
consists  wholly  of  cellular  tissue,  appears 
to  serve  as  a  vehicle  for  the  ascending 
sap,  which,  rising  from  the  roots  to  the 
leaves,  there  comes  in  contact  with  the 
air,  where  it  combines  with  the  elements 
necessary  for  the  formation  of  the  tree. 
Woody  or  ligneous  fiber  and  vascular 
tissue  extend  vertically  downwards,  and 
at  the  same  time  cellular  tissue  is 
formed  horizontally.  The  ligneous  fibers 
are  attached  to  each  other,  as  it  were,  in 
bundles,  by  their  respective  coats,  whilst 
the  cellular  tissue  is  forced  into  the  thin 
vertical  plates,  termed  the  medullary 
rays,  which  connect  the  pith  with  the 
bark  (known  as  silver  grain).  The  resi- 
due of  the  sap  descends  through  the 
inner  bark  to  the  roots  ;  thus  a  layer  of 
wood  is  gradually  formed  between  the 
medullary  sheath  and  the  bark,  and  this 
continues  until  the  approach  of  winter 
and  the  fall  of  the  leaf  stop  the  opera- 
tion. On  the  following  spring  the  sap 
again  ascends,  and  during  the  year  a 
second  layer  of  wood  is  deposited ;  and 
as  each  season  advances  towards  winter 
the  deposit  takes  place  more  and  more 
slowly,  so  that  well-defined  rings  distin- 
guish each  year's  growth.  The  number 
of  the  rings  indicating  the  age  of  the 
tree  in  years,  and  the  thickness  of  each 


ring  the  rate  of  its  growth.  Sometimes 
in  hot  climates  there  is  so  little  difference 
in  activity  at  various  seasons  that  the 
rings  cannot  be  accurately  defined.  In 
temperate  seasons  the  sap  rises  during 
the  spring,  and  leaves  are  developed.  In 
summer  the  sap  almost  ceases  to  flow, 
and  vegetation  remains  stationary.  In 
autumn  the  sap  descends,  and  the  leaves 
fall  off.  In  winter  the  tree  becomes  again 
inactive.  In  tropical  climates  the  dry 
season  is  the  period  of  inactivity.  When 
wood  is  going  to  be  seasoned  in  the 
ordinary  way,  the  best  season  for  felling: 
trees  is  when  the  circulation  is  least  ac- 
tive, viz.,  the  middle  of  the  summer  or 
winter  periods  of  quiescence,  and  during 
the  dry  season  in  tropical  climates.  After 
a  few  years  the  ligneous  fibers  deposited 
nearest  the  center  become  darkened^ 
hardened,  more  dense,  and  apparently 
impervious  to  the  sap,  which  latter  cir- 
culates upwards  through  the  layers  of 
woody  matter  last  deposited ;  hence  the 
distinction  between  the  heartwood  and 
the  sapwood."  Sabine  and  Douglas  say : 
"Dr.  Boucherie  has  discovered  that  no 
connection  exists  laterally  between  the 
tubes  of  a  tree,  and  that  by  applying, 
under  a  moderate  pressure,  a  colored 
solution  to  certain  tubes  at  one  end  of  a 
tree,  the  same  tubes  at  the  other  end  of 
the  tree,  and  only  those,  are  colored.  In 
this  way,  at  one  end  of  a  felled  tree  he 
applied  a  colored  solution  to  ceitain 
tubes,  forming  the  name  '  Faraday ; '  the 
name  was  transmitted  to  the  other  end 
and  was  perfect  at  every  intermediate 
section,  showing  that,  there  was  no 
lateral  diffusion."  On  the  other  hand, 
Langdon  says,  "That  there  is  a  lateral 
connection  between  the  fibers  may  be 
proved  by  reference  to  a  creosoted  pole, 
where,  under  pressure,  the  creosote 
penetrates  between  one  and  two  inches." 
It  is  generally  understood  that  there  is 
some,  but  very  little,  lateral  connection, 
so  that  in  order  to  do  it  thoroughly  the 
injection  should  take  place  from  the 
ends.  Inasmuch  as  the  sap  in  timber 
contains  the  elements  of  decay,  in  the 
higher  class  of  construction  it  is  neces- 
sary to  use  wood  most  free  from  sap,  or 
to  use  special  means  to  eliminate  it 
by  the  internal  application  of  preserva- 
tive solutions  which  either  expel  or 
neutralize  the  fermentative  portion  of 
the   sap.     Although   the    solution  used 
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generally  for  the  preservation  of  timber 
from  rot  need  not  be  the  ones  best 
suited  for  rendering  the  same  fireproof, 
yet  the  method  of  application  is  similar. 
We  will  therefore  describe  the  system 
most  commonly  used.  It  is  better  and 
generally  cheaper  to  select  soft  woods, 
such  as  Scotch  pine,  which  is  admirably 
adapted  for  injecting  processes.  It  is  of 
very  coarse  grain,  its  annular  rings  are 
wide  apart,  tissue  soft,  and  capable  of 
great  absorption.  The  idea  in  the  ordi- 
nary methods  adopted  for  preserving 
timber  from  rot  is  to  introduce  into  the 
pores  of  the  wood  some  salt,  which, 
uniting  chemically  with  the  albumen  of 
the  sap,  is  stated  to  convert  it  into  an 
insoluble  compound.  The  best  known  of 
these  processes  are  Burnettizing,  Kyaniz- 
ing,  and  Boucherizing  (creosote  is,  of 
course,  out  of  the  question),  Burnettiz- 
ing consists  in  impregnating  the  timber 
with  a  solution  of  chloride  of  zinc,  and 
Kyanizing  with  corrosive  sublimate 
(chloride  of  mercury).  Langdon  says : 
uIn  both  processes  open  tanks  are  filled 
with  the  solution  with  which  the  timber 
is  required  to  be  charged  ;  the  timber  is 
then  submerged,  well  fixed,  and  allowed 
to  remain  soaking  until  it  has  absorbed 
the  proper  quantity  of  the  solution." 
Culley  says :  "  Kyanizing,  or  steeping  the 
timber  in  a  solution  of  bichloride  of 
mercury  or  corrosive  sublimate,  has  not 
been  extensively  tried  for  poles  because 
of  the  expense,  and  because  it  does  not 
succeed  unless  the  timber  is  dry.  The 
poisonous  nature  of  the  salt  is  a  very 
serious  objection."  Spagnoletti  says, 
with  regard  to  the  chloride  of  mercury 
process  :  "  Two  pounds  of  corrosive  sub- 
limate at  3s.  per  lb.  will  be  sufficient  for 
50  cubic  feet  of  timber.  The  time  for 
preparing  should  be  one  day  per  inch  in 
thickness,  and  one  day  over.  Thus,  two 
days  for  one  inch,  three  days  for  two 
inches,  and  so  on ;  one  advantage  of  this 
preservative  is  that  the  timber  may  be 
cut  down  and  cast  into  the  tank  at  once, 
the  sooner  the  better,  and  no  preparation 
or  seasoning  is  necessary."  He  thinks 
it  an  excellent  preservative  of  wood.  The 
superficial  coating  obtained  by  mere 
soaking  is  perhaps  good  enough  for 
telegraph  poles,  when  the  latter  are 
thoroughly  dry  to  begin  with,  and  the 
heartwood  hard  ;  but  to  make  wood  fire- 
proof it  would  be  necessary  to  thorough- 


ly saturate  the  wood  with  the  solution, 
and  the  following  mode  of  injecting  tele- 
graph poles  is  much  better.  The  opera- 
tion generally  takes  place  in  strong 
cylindrical  tanks  in  which  are  fitted 
hemispherical  ends,  removable  at  will ; 
to  save  labor  they  are  usually  provided 
with  a  line  of  rails,  which  communicates 
with  tramways  running  through  the 
preserving  yard.  The  poles  being  stacked 
on  light  trucks  or  trollies,  are  thrust 
into  the  tanks,  the  ends  of  which  being 
!  then  closed,  the  interior  is  exhausted 
|  with  powerful  air-pumps  driven  by  steam. 
The  object  of  this  is  to  draw  out  any 
moisture  that  may  remain  in  the  wood 
(the  timber  must  be  thoroughly  dry  be- 
fore it  undergoes  the  operation),  and 
also  to  create  vacuums  in  the  pores, 
which  may  be  filled  by  liquid.  The  liquid 
is  then  allowed  to  flow  into  the  tank,  and 
exposed  to  pressure  varying  from  100  to 
150  lb.  per  square  inch.  The  contents 
of  the  tanks  and  the  quantity  of  timber 
in  them  being  known,  the  exact  quantity 
of  salt  injected  into  the  wood  per  cubic 
foot  can  easily  be  calculated.  The  salts 
evidently  combine  with  the  elements  in 
the  sap  which  tend  most  readily  to  fer- 
ment, and  by  precipitating  them  and 
forming  new  and  insoluble  compounds 
check  this  tendency  and  lengthen  the 
life  of  the  timber.  If  a  transverse  sec- 
tion of  a  pole  thus  treated  be  examined 
it  will  be  found  that  the  sapwood  alone 
is  permeated  by  the  salt,  the  heartwood 
remaining  untouched.  The  elements  of 
decay,  however,  are  far  more  fully  de- 
veloped in  the  sappy  portion  of  the  tim- 
ber than  in  the  heartwood,  and  the  latter 
is  rarely  attacked  (speaking  of  rot,  of 
course,  not  of  fire),  until  the  former  is 
rotten.  Sabine  says :  "  The  posts  are 
put  into  wrought-iron  cylinders  4J  ft.  to 
6  ft.  diameter,  and  34  ft.  to  60  ft.  long, 
closed  at  one  end,  and  covered  at  the 
other  with  tightly-fitting  tops.  The 
cylinders  are  provided  with  manometers, 
safety  valves,  &c,  and  connected  with  air 
and  pressure  pumps  and  a  reservoir  of 
the  preservative  solution.  The  wood  is 
preserved  by  being  subjected  to  a  great 
pressure  of  steam,  which,  penetrating 
into  the  interior,  not  only  tends  to  dis- 
place the  sap  from  the  pores  and  prepare 
them  for  the  preservative  solution,  but 
also  to  coagulate  the  albumen  in  the  sap 
and  in  this  way  retard   the  subsequent 
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rolling.  After  this  the  cylinders  are  ex- 
hausted, and  immediately  filled  with  a 
solution  of  1  part  chloride  of  zinc  and  30 
parts  of  water  (for  burnettizing),  which 
is  kept  under  a  pressure  of  8  to  10  at- 
mospheres =  120  to  150  lb.  for  three 
hours ;  but  it  is  questionable  if  this 
method  is  so  good  as  that  of  Dr. 
Poucherie  (boucherizing),  as  it  is  neces- 
sary to  force  the  solution  into  the  wood 
at  right  angles  to  the  tubes,  thereby  in- 
juring its  strength  and  letting  the  sap, 
which  is  the  immediate  cause  of  decay, 
remain  ;  the  coagulation  of  the  albumen 
in  the  sap  to  any  material  depth  below 
the  surface  being  a  matter  of  doubt." 
Prom  this  it  would  appear  that  the  tim- 
ber need  not  necessarily  be  dried  prior 
to  the  operation,  as  other  men  state,  and 
in  coarse-grained  woods,  where  the  injec- 
tion is  complete  throughout  the  whole 
bulk.  This,  then,  is  the  degree  of  satu- 
ration when  ordinary  strong  timber,  con- 
sisting partly  of  sap  wood  and  partly  of 
heart  wood,  even  when  expensive  cylin- 
ders with  powerful  air  pumps,  &c,  are 
used,  so  that  the  following  method  of  in- 
jection, which  is  employed  for  boucheriz- 
ing, would  (should  no  after  consideration 
prevent  it)  be  the  most  suitable  for  the 
purpose,  should  it  be  wished  to  complete- 
ly saturate  the  woods  throughout,  since 
the  apparatus  is  comparatively  cheap 
and  portable,  the  timber  best  suited  be- 
ing coarse  grained,  quickly  growing,  and 
consequently  less  costly,  and,  in  fact,  of 
the  kind  mostly  used  for  house  purposes, 
the  operation  performed  in  the  forest 
where  the  timber  is  cut  down,  and  whilst 
it  is  yet  green  and  full  of  sap.  The 
method  follows:  Newly  cut  green  tim- 
ber (coarse  grained  is  most  suitable),  be- 
fore its  bark  is  removed,  is  exposed  at 
the  butt  ends  to  a  slight  pressure  of  a 
liquid  column  of  sulphate  of  copper:  the 
liquid  is  usually  arranged  in  tanks  at  a 
height  of  some  50  ft.  above  the  level  at 
which  the  tree  is  placed.  The  pressure 
forces  the  liquid  through  the  longitudinal 
pores  of  the  timber  till  it  drops  out  at 
the  other  extremity,  both  driving  the  sap 
before  it  and  forming  the  chemical  com- 
binations which  effect  the  preservation 
of  the  wood  from  decay.  Poles  should 
be  exposed  to  the  operation  without  the 
slightest  delay  after  they  are  felled,  or 
the  process  will  probably  fail  as  the  resin- 
ous substances  rapidly  harden  and  pre- 


vent the  movement  of  the  liquid  salt 
through  the  pores.  The  plant  needed  is 
inconsiderable,  and  can  be  set  up  in  any 
locality,  the  only  requirement  being  a 
clear  space  of  open  ground ;  this  gives 
this  system  an  advantage  over  others 
which  demand  expensive  and  powerful 
machinery.  The  arrangements  in  a 
boucherizing  yard  may  be  thus  de- 
scribed: Any  open  tank  of  any  conve- 
nient capacity  is  erected  on  poles  at  a 
height  varying  from  30  ft.  to  50  ft.  Some 
prefer  23  ft.  to  26  ft.  from  the  ground. 
Culleysays:  "24  ft.,  since,  if  it  is  too 
high,  the  liquid  flows  too  rapidly  through 
the  timber  to  produce  the  best  effect." 
From  this  tank  descend  two  leaden  pipes 
about  1^-  in.  in  diameter,  one  of  which  is 
connected  with  the  force  pump  designed 
to  fill  the  tank  with  liquid,  the  other 
serving  to  convey  the  liquid  to  the  poles ; 
the  latter  are  laid  side  by  side  on  racks 
placed  horizontally,  and  are  arranged  at 
right  angles  to  a  passage  running  the 
whole  length  of  the  yard.  Down  this 
passage  is  carried  the  leaden  pipe  from 
the  tank,  and  at  regular  intervals  of  18 
in.  along  this  pipe  small  branch  pipes 
with  stopcocks  are  fitted.  As  each  pole 
is  felled  and  hauled  into  the  boucheriz- 
ing space  a  section  is  cut  off  the  butt  end 
to  expose  a  fresh  uncoagulated  surface  of 
wood.  Near  the  circumference  of  this 
newly-cut  surface  a  strip  or  ring  of  india- 
rubber  is  nailed  ;  then  a  flat  board  some- 
what larger  than  the  base  of  the  pole  is 
screwed  against  it  by  means  of  iron  dogs 
(tenon  bolts).  A  hole  in  the  center  of 
the  board  admits  the  insertion  of  a  hol- 
low boxwood  plug,  which  is  connected 
with  one  of  the  small  branch  pipes  pre- 
viously alluded  to  by  means  of  a  short 
length  of  flexible  india  rubber  tubing. 
This  plate  or  disc,  together  with  the 
india  rubber  ring  just  mentioned,  forms  a 
watertight  chamber  for  the  reception  of 
the  solution  of  sulphate  of  copper,  com- 
municating with  the  vertical  pressure 
pipe.  The  air  must  be  carefully  expelled 
lrom  the  chamber  formed  at  the  butt  end 
of  the  pole.  This  is  best  done  by  in- 
serting a  wire  between  the  pole  and  the 
packing,  which  forms  the  side  of  the 
chamber.  After  the  tap  has  been  turned 
to  admit  the  solution,  the  wire  is  with- 
drawn, leaving  a  small  hole,  and  when 
the  liquid  spurts  out  freely,  showing 
that  the  air  has  escaped,  this  hole  can  be 
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closed  by  a  blow  from  a  hammer.  Neg- 
lect of  this  precaution  has  frequently 
prevented  the  injection  of  the  upper 
side  of  the  entire  pole.  The  tap  being 
turned,  the  liquid  solution  is  driven  into 
the  pole  with  a  pressure  dependent  on 
the  height  of  the  tank  above  the  racks. 
The  proportions  of  the  solution  are  1  lb. 
of  sulphate  of  copper  to  5  gallons  of 
water  (Douglas  says  1  part  by  weight  of 
the  salt  to  100  parts  of  water).  It  is 
usual  to  inject  0.35  lb.  of  the  sulphate 
into  every  cubic  foot  of  timber.  This 
gives  a  weight  of  1J  to  2  lbs.  of  sulphate 
for  the  smallest  pole  (about  25  ft.  long). 
After  the  lapse  of  a  period  varying  from 
two  to  2-k  hours,  the  liquid  makes  its  ap- 
pearance at  the  top  of  the  pole  and  drops 
into  gutters  placed  conveniently  to  catch 
it.  Douglas  says  "three  days  is  the 
average  time  required  to  inject  a  25ft. 
pole."  The  jn'ocess  is  complete  when  every 
portion  of  the  top  of  the  pole  is  found  to  be 
saturated  with  sulphate  of  copper.  This 
is  known  to  be  the  case  when  a  brown 
stain  is  left  on  the  timber  by  the  ap- 
plication of  a  piece  of  potassium  fer- 
rocyanide.  Another  authority  says : 
w  Scotch  fir  having  a  very  open  grain  is 
the  best  suited  for  preservation  by  in- 
jecting process.  To  boucherize  success- 
fully, the  worst  timber  (that  is,  as  regards 
its  chance  of  lasting  unprepared)  is 
wanted.  In  some  cases,  where  the  poles 
were  too  old,  a  month  elapsed  before  the 
copper  liquid  applied  to  the  butt  ap- 
peared at  the  top  of  the  poles."  Another 
authority  of  large  experience  says: 
"  Scotch  fir,  grown  on  a  peaty  soil,  coarse 
grain  and  open.  The  average  time  taken 
to  successfully  boucherize  three  28ft. 
poles,  during  the  months  of  April,  May, 
June,  July,  August  and  September,  was 
from  five  to  seven  days.  In  October, 
November,  and  December,  January, 
February  and  March,  about  ten  days. 
In  June,  the  quantity  of  liquid  that 
percolated  through  three  28ft.  poles  was 
68  gallons  ;  and  soft  larch  took  a  few 
days  longer  than  the  Scotch,  but  an- 
swered very  well.  Some  few  red  or  hard 
larch  were  successfully  done,  but  in 
others  the  solution  only  penetrated  a 
very  short  way  from  the  end.  Spruce 
and  silver  pine  answer  well,  but  take 
much  longer  than  do  either  larch  or 
Scotch."  Cully  says  :  "  It  is  quite  pos- 
sible to  inject  trees  that  have  been  cut 


down  two  or  three  weeks ;  but  the  labor 

|  will  be  much  more  costly  than  when  in- 
jected in  the  forest  on  the  day  they  are 
felled,  because  the  pores  contract  in  dry- 

;  ing.  It  is  extremely  difficult  to  inject 
larch  unless  it  is  of  very  open  grain  and 
very  free  from  resin.  The  liquids  cannot 
penetrate   the    hard    wood,    and   it   has 

|  sometimes  happened  in  boucherized  poles 

I  that  the  heart  wood,  which  is  more  dur- 
able than  the  sap  wood  under  ordinary 
circumstances,  has  rotted,  leaving  the 
sap  wood  sound.  Spruce  and  Scotch  fir 
are  very  suitable,  and  these  cheaper  de- 
scriptions of  fir  are  rendered  more  dur- 
able than  the  more  expensive  sorts  when 
unprepared.  The  cost  of  the  sulphate 
process    calculated  on  5,287  Scotch  fir- 

|  poles  injected  in  the  forest,  and  averag- 
ing 25  ft.  in  length,  is  about  2d.,  equal 
to  4  cents,  per  lineal  foot  of  timber.'' 
Another   authority  says :  "  The   process 

|  is  most  successful  during  the  spring  and 
summer  months  (Culley  says  the  au- 
tumn), when  the  sap  is  in  the  wood. 
Cold  hinders,  and  frost  stops  it."  Timber, 

:  when  chosen  for  strength  and  seasoned 
in  the  ordinary  way,  is,  of  course,  felled 
in  the  winter  months,  when  the  sap  has 
retreated  from  the  wood.  It  is  possible 
to  treat  the  wood,  with  equal  success, 
from  the  top  or  small   end  as  from  the 

|  butt  end.  The  application  of  the  sul- 
phate of  copper  to  the  small  end  in- 
stantly starts  the  sap,  which  pours  out 
from  the  large  end.  The  boucherizing 
of  the  pole  was  completed,  in  a  particu- 

|  lar  experiment,  in  the  usual  time.  In  the 
construction  of  a  house  it  would  be 
necessary,  in  the  case  of  the  upright 
timbers  which  stand  in  the  moist  ground, 
to  provide  for  the  escape  of  the  fire- 
proof salt  by  painting  the  lower  end  with 
a  coating  of  some  soluble  or  waterproof 
paint,  which  should  also  be  fireproof. 
Such  a  paint  we  shall  give  further  on. 
^Yithout  this  precaution  much  of  the 
salt  is  lost  in  the  ground,  and  the  sur- 
rounding ground  in  which  the  boucher- 
ized pole  stands  will  be  found  tainted 
for  some  12  in.  or  more  with  sulphate  of 
copper.''  Mr.  Boucherie  says,  however  : 
"  It  is  an  error  to  suppose  that  the  sul- 
phate of  copper  is  very  soluble,  or  that 
when  it  is  exposed  to  the  rain  its  pres- 
ervative power  disappears  after  a  cer- 
tain time.  The  sulphate  of  copper  fixes 
itself  into  the  elements  of  the  wood,  and 
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could  not  be  dissolved  by  washing. 
Cases  of  failure  are  to  be  attributed  to 
a  disease  in  the  wood,  the  diseased  tis- 
sues seeming  to  resist  the  sulphate." 
Professor  Abel  also  objects  to  the  theory 
of  the  salt  being  washed  out  when  a 
telegraph  pole  is  standing  in  moist 
ground.  He  says :  "  I  believe  a  small 
quantity  of  the  copper  salt  is  converted 
into  insoluble  compound.  The  action  of 
the  metallic  compounds  is  to  combine 
with   certain  albuminous   substances   in 


preservative  processes  in  general  use,  be- 
comes short ;  that  is,  it  breaks  in  two, 
crosswise,  easily,  and  when  the  whole 
wood  is  impregnated  its  tensile  strength 
becomes  impaired.  It  no  longer,  when 
dry,  retains  the  same  amount  of  elastic- 
ity it  possessed  when  in  its  natural  state ; 
when  in  a  moist  state  it  recovers  a  great 
deal  of  this.  The  shortness  is  easily 
tested  by  taking  a  piece  of  dry,  preserved 
timber  and  trying  to  split  it  with  an  axe, 
the  axe  will  not  fol- 


it  will  be  found  that 

the  wood,  by  which  they  are  converted  |  low  the  course  of  the  grain  of  the  wood." 
into  insoluble  substances,  and  it  is  by  This,  then,  seems  a  reason  in  favor  of 
the  chemical  alterations  which  these !  impregnating  the  wood,  and  especially 
undergo   that   the  preservative  effect  is  I  the  smaller  pieces,  after  they  have  been 


produced.''  It  is  generally  allowed,  how- 
ever, that  the  preservative  effect  of  sul- 
phate of  copper  is  very  variable.  Pro- 
fessor Abel,    judging  from    experiments 


cut  to  fit  into  their  several  places.  Again 
Sabine  says  :  "  It  is  necessary  that  no  un- 
galvanized  iron  should  come  in  contact 
with  wood  impregnated  with  sulphate  of 


on  boucherizing  and  kyanizing  for  the  ■  copper  (and  the  same  point  must  be  con- 
preservation  of  wood  from  decay,  says :  sidered  when  using  other  salts,  otherwise 
"  Generally  the  results  were  favorable  to  ;  the  copper  of  the  solution  will  be  re- 
boucherizing."  He  believes,  "  Opinions  duced  by  galvanic  action)."  Another  au- 
are  fairly  divided  between  them — that  thority  says :  "Boucherizing  is  injurious 
is,  the  copper  salts  and  mercury  salts, ,  to  the  stay  wires  and  bolts,  as  the  sul- 
which  are  undoubtedly  both  good  pre-  phur  so  quickly  attacks  not  only  the  gal- 
servative  processes."  Mr.  Boucherie  vanizing  of  these,  but  the  iron  itself,  that 
says :  "  Sulphate  of  copper  combines  so  the  stay  wires  of  poles  are  soon  eaten 
well  with  the  celluline  that  washing  with  '<  away."  This  shows  that  when  salts  are 
pure  water  will  never  expel  it."  Culley  j  used  for  impregnating  wood,  iron  bolts 
says :  "  The  sulphate  of  copper  must  be  and  nails  should  be  protected  in  some 
free  from  iron  as  it  is  inert  and  possibly  way — by  paint,  say.  Kyanizing  (chlo- 
hurtful ;  besides  this,  the  iron  becomes  j  ride  of  mercury)  is  equally  injurious  to 
oxidized  by  exposure  to  the  air  and  j  iron.  Another  process  for  preserving 
forms  a  muddy  deposit,  which  chokes  j  wood  from  decay  is  Beer's  process,  in 
the  fine  filter  formed  by  the  pores  at  the  which  borax  is  used.  It  is  supposed  to 
end  of  the  pole  and  thus  stops  the  proc-  neutralize  the  decaying  vegetable  matter 
ess,  as  the  sulphate  always  contains  some  |  in  the  wood,  and  is  also  a  very  good  non- 
iron  (Japanese  sulphate  of  copper  ob- 1  inflammable  solution.  We  have  entered 
tained  from  the  Mint  contains  a  large !  thus  fully  into  the  methods  of  preparing 
quantity,  but  varies  much  in  this  re-  j  wood  with  sulphate  of  zinc,  chloride  of 
spect).  It  is  well  to  make  a  saturated  i  mercury,  and  sulphate  of  copper  in  par- 
solution,  and  allow  it  to  remain  exposed  j  ticular,  because  whatever  may  be  the  non- 
to  the  air  as  long  as  possible,  so  that  the  inflammable  solution  selected  as  most 
iron  may  deposit  at  the  bottom  of  the ;  suitable,  some  such  method  of  injection 
vessel,  after  which  it  may  be  diluted  for  !  will  be  necessary  if  the  impregnation  is 


use.  If  the  solution  is  too  strong,  it 
appears  to  contract  the  sap  vessels  and 
to  crystallize  at  their  ends.  The  water 
must   be  free  from   lime   and  perfectly 


required  to  be  other  than  merely  super- 
ficial, in  which  case  the  same  considera- 
tions would  apply.  Moreover,  since  all 
the  three  above-mentioned  are  salts,  they 


clear.  If  it  contains  lime  it  is  as  well  to  will  not  only  preserve  the  wood  against 
add  a  little  sulphuric  acid  to  precipitate  rot,  the  influence  of  the  weather,  insects 
it,  and  either  allow  it  to  settle  or  filter  and  worms,  but  will  render  it  also  to  a 
the  water  through  sand,  for  even  the  \  certain  degree  non-inflammable,  but 
slightest  cloudiness  interferes  with  the  j  which  non-inflammable  solution  is  best 
injection.  I  we  shall  probably  be  better  able  to  judge 

"  All  timber,  when  treated  by  any  of  the  further   on.      But  we   should,   to   begin 
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with,  put    chloride    of  mercury  and    sul- 
phate of  copper  out  of  the  question,  as 
the   first   is    too    expensive,    and   when 
burnt  is  turned  into  vapor  which  has  a 
fearfully  suffocating    effect  on    the  nose. 
Sulphate  of  copper,   though    cheap  and 
free  from  this  disadvantage,  would  turn 
the  wood  a  blue  color  when  the   surface 
is  damp  with  the   moisture  in   the  air. 
Chloride   of  zinc   and  borax,   the   other 
two   of  the  above-mentioned   processes, 
both  preserve  from  decay  and  flame,  and 
might  be  used  for  injecting  green  timber. 
But,  at  present,  let  us  go  through  the  in- 
formation that  can   be   gathered  on  the 
subject   of  non-inflammable    compounds 
and  solutions.     Much  of  this  relates  to  ' 
rendering  fabrics   non-inflammable,    and 
this  is  done  by  steeping  them  in  almost 
any  saline   solution.      Thus,   cotton  and  ' 
linen  stuffs  prepared   with  a  solution  of 
borax,  phosphate  of  soda,  phosphate  of 
ammonia,  alum,  or  sal-ammoniac,  do  not  | 
suffer  active  combustion   nor   burst  into 
flame.     The  salts  act  by  forming  a  crust 
of  incombustible   matter  on  the  surface 
of  the   fibers.     They   do    not,   however, 
prevent   carbonization  taking  place  when 
the  temperature  is  sufficiently  high.    The 
cotton  thread  is  reduced  to  a  cinder  when 
burnt,  but  from  the  action  of  the  salt  its 
fibers    still   retain    sufficient    tenacity  to 
support  a  light  weight.     The  addition  of 
1  oz.  of  alum  or  sal-ammoniac  to  the  last 
water  used   to  rinse  a  lady's   dress,  or  a 
less  quantity  added  to  the  starch  to  stiff 
en  them,  renders  them  non-  inflammable, 
or,  rather,  they  will  not  readily  take  fire, 
and,  if  kindled,  are  slowly  consumed  with- 
out flame.     Xone  of  the  above  are  used 
for  fine,  soft  muslins,  because  they  ren- 
der the  fabric  harsh,  and  destroy  all  its 
beauty.     The  salt  which  is  found  to  an- 
swer all    conditions    most    completely  is 
tungstate  of  soda ;  steeped  in  a  solution 
of  20  per  cent,    of  this   salt,   muslin   is 
perfectly  non-inflammable  when  dry,  and 
the  saline  film  left  on  the  surface  is  of 
a  smooth  and   fatty  appearance   like  tal- 
low, and  does  not  interfere  with  the  proc- 
ess of  ironing.     The   non-fulfillment   of 
this  last    condition    completely  prevents 
the  use  of  many  other  salts,  such  as  sul- 
phate or  phosphate    of  ammonia,  which 
are  otherwise    efficacious   in    destroying 
their  inflammability.     The  addition  of  a 
little   phosphoric   acid,  or   phosphate  of 
soda,  is  recommended  to  the  tungstate, 


for  without  this  a  portion  of  the  tung- 
state is  apt  to  undergo  a  chemical  change, 
and  become  comparatively  insoluble.  For 
a  solution  of  tungstate  of  soda  of  mini- 
mum strength,  dilute  a  concentrated  so- 
lution of  neutral  tungstate  of  soda  to 
specific  gravity,  1.14,  and  then  add  3  per 
cent,  of  phosphate  of  soda.  This  solu- 
tion is  found  to  keep,  and  answer  its  pur- 
pose well.  Again,  in  Ure's  Dictionaiy, 
"  Cotton  and  linen  cloth  may  be  best 
rendered  incapable  of  burning  with  flame 
by  being  imbued  with  a  solution  of  sal- 
ammoniac  or  of  alum."  Tomlinson  says  : 
"Experiments  were  tried  with  40  salts, 
but  out  of  these  only  four  appear  to  be 
applicable  to  light  fabrics — namely,  phos- 
phate of  ammonia,  chloride  of  ammoni- 
um (sal-ammoniac),  sulphate  of  ammo- 
nia, and  tungstate  of  soda.  The  sulphate 
of  ammonia  is  the  cheapest  salts,  but 
causes  brown  spots  on  the  muslin  when 
ironed,  and  dissolves  in  water,  so  that  it 
requires  to  be  renewed  after  every  wash- 
ing. Tungstate  of  soda  is  the  only  one 
that  does  not  interfere  with  the  iron,  and 
consequently  is  that  usually  adopted. 
The  oxides  of  tin  withstand  both  the 
water  and  the  soap,  but  they  impart  a 
yellow  tinge,  consequently  their  applica- 
tion has  been  restricted  to  canvas,  sails, 
and  other  coarse  materials  (and  would 
not  affect  their  use  with  woods).  This  is 
also  the  case  with  borate  and  phosphate 
of  protoxide  of  tin  and  arseniate  of  tin. 
These  last  are  some  of  the  attempts 
which  have  been  made  to  fix  some  of  the 
non-soluble  compounds  in  textile  fabrics. 
The  method  of  rendering  a  sailcloth  per- 
manently non-inflammable  is  to  so  soak 
the  canvass  for  two  days  in  a  protochlo- 
ride  of  tin  solution  of  the  strength  of 
two  parts  of  the  salt  to  one  of  water,  and 
to  leave  it  for  a  day  in  a  concentrated  so- 
lution of  stannate  of  soda  or  carbonate 
of  soda.  The  canvas  is  lastly  dried,  and 
is  then  ready  for  use."  Also,  we  find  in 
the  "  English  Cyclopaedia  "  :  "  Cotton 
and  linen  fabrics  may  be  partially  pro- 
tected from  fire  by  a  solution  of  alum  or 
common  salt ;  but  alum  weakens  the 
fibers,  and  the  salt  makes  them  harsh  and 
crisp;  borax  will  exert  a  considerable 
preservative  effect,  but  the  material  is 
weakened,  as  with  alum.  It  was  found 
that  phosphate  of  ammonia  exerts  the 
preservative  effect ;  but  the  salt  becomes 
decomposed  under  the  laundress's  iron. 
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Sulphate  of  ammonia  (only  quarter  the 
price  of  its  predecessor)  had  most  of  its 
merits,  but  the  same  defect.  Tungstate 
of  soda  has  all  the  advantages,  and  is 
free  from  the  disadvantages."  So  much 
for  fabrics.  Of  course,  what  would  be  a 
disadvantage  for  linens  need  not  be  so 
for  woods ;  but  I  give  the  above  as  an 
addition  to  our  list  of  non-inflammable 
solutions,  to  guide  us  to  the  selections 
of  the  most  suitable  ones  hereafter.  The 
u English  Cyclopaedia"  says,  with  regard 
to  wood :  "  Many  methods  have  been  de- 
vised for  making  woods  more  or  less 
fireproof.  The  substance  which  is  at- 
tracting most  notice  now  is  silicate  of 
soda.  Mr.  Abel,  chemist  to  the  War 
Department  of  England,  and  Mr.  Hay, 
chemist  to  the  English  Admiralty,  made 
experiments  on  this  salt  in  1857.  A  por- 
tion of  a  wooden  hut  was  painted  three 
times,  inside  and  out,  with  a  solution  of 
silicate  of  soda;  but  unfortunately  for 
the  fairness  of  the  experiment,  the  build- 
ing was  constructed  with  a  double  board- 
ing, so  that  it  was  only  possible  to  coat 
or  impregnate  each  plank  on  one  side  ; 
but  the  value  of  the  silicate  was  estab- 
lished beyond  a  doubt.  A  flame  from  a 
large  heap  of  shavings  was  placed  against 
this  part  of  the  building  for  some  min- 
utes, but  only  succeeded  in  catching  the 
end  of  one  plank,  and  even  that  did  not 
blaze,  but  only  smouldered  for  a  short 
time.  By  the  heat  of  the  fire  the  salt 
was  drawn  to  the  surface  of  the  wood, 
and  formed  a  glaze  upon  it.  Subse- 
quently, when  the  main  body  of  the  hut 
was  destroyed  by  fire,  after  several  un- 
successful attempts  to  extinguish  it  by 
Phillip's  Fire  Annihilator  (for  testing  the 
efficiency  of  which  the  experiment  was 
made,  the  silicate  of  soda  experiment 
being  only  a  secondary  one),  although 
the  fierceness  of  the  flame  was  such  that 
few  materials  could  have  withstood  it, 
yet  several  planks  remained  of  the  exte- 
rior coated  portion.  Upon  examining 
the  planks,  the  unprotected  surfaces  were 
found  to  be  completely  charred,  but  this 
charring  only  extended  to  those  parts 
which  had  not  been  touched  by  the  sili- 
cate. Asbestos  paint  has  been  used  with 
nearly  similar  results.  So  far  as  experi- 
ment has  gone,  silicate  of  soda  appears 
the  most  convenient  and  effective  known 
for  the  purpose."  Again,  respecting 
silicate  of  soda,  "  Spon's  Workshop  Re- 


ceipts "  says :  "  Deal  boards  become  al- 
most incombustible  when  painted  over 
with  a  diluted  solution  of  silicate  of 
soda  called  also  glass  water.  The  glass 
water  is  generally  sold  as  a  thick  fluid 
like  honey.  This  may  be  thinned  out 
with  water  six  or  seven  times  its  own 
bulk ;  the  water  must  be  soft,  or  boiled 
water  will  do,  and  apply  the  solution 
warm.  In  about  24  hours  apply  a  sec- 
ond coat,  and,  perhaps,  a  third.  Use  a 
new  brush,  and  wash  the  brush  in  clean 
water  after  using,  or  it  will  get  too  soft. 
Avoid  grease  or  fat  on  the  boards  before 
painting  them."  In  the  same  book  is 
another  receipt,  as  follows :  "  Soak  the 
wood  in  a  strong  solution  of  alum  and 
sulphate  of  copper — about  1  lb.  alum 
and  1  lb.  sulphate  of  copper  should 
be  sufficient  for  100  gallons  of 
water.  These  substances  are  dissolved 
in  a  small  quantity  of  hot  water,  then 
mixed  with  the  water  in  the  vessel  in 
which  the  wood  is  to  be  steeped.  The 
timber  to  be  rendered  fireproof  can  be 
kept  under  the  liquor  by  stones,  or  any 
other  method  of  sinking  it.  All  that  is 
required  is  a  watertight  vessel  of  suffi- 
cient dimensions  to  hold  enough  of  the 
liquor  to  cover  the  timber,  which  should 
be  allowed  to  steep  for  four  or  five  days ; 
after  this  it  is  taken  out  and  allowed  to 
dry  thoroughly  before  being  used."  This 
would  be  a  very  good  plan  to  adopt  with 
the  upright  timbers  after  thoroughly  in- 
jecting them  by  the  system  of  boucheriz- 
ing,  as  before  explained,  whilst  the  tim- 
ber is  green.  As  the  Japanese  use  their 
wood  plain,  the  blue  sulphate  of  copper 
tinge  would  hardly  do  for  the  lighter 
woodwork.  With  regard  to  burnettiz- 
ing,  sulphate  of  zinc,  which,  as  before 
mentioned,  has  been  largely  used  as  a 
preservative  against  decay,  there  is  no 
reason  why  it  should  not  be  used  for 
every  part  of  the  wood  in  a  house,  in- 
jecting it  whilst  the  wood  is  green,  as  it 
acts  chemically  on  the  sap,  and  is  white. 
Sir  W.  Burnett  says  of  it  that  it  renders 
the  wood  non-inflammable.  The  follow- 
ing is  extracted  from  his  pamphlet  on 
the  subject:  "For  preserving  timber, 
canvas,  cordage,  and  woolen  things  from 
dry  rot,  mildew,  moth,  and  the  destruc- 
tive influences  of  the  elements,  salt  water, 
so  far  from  hastening  decay  or  neutral- 
izing its  effects,  has,  on  the  contrary,  the 
quality  of    increasing  its  efficacy ;    it  is 
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perfectly  innocuous,  and  cannot  endan- 
ger health.  All  the  timber  and  ceilings 
of  a  ship  may  be  impregnated  with  the 
solution  without  the  slightest  prejudicial 
effect  on  the  crowded  inmates.  It  re- 
tards the  oxidization  of  metals,  as  has 
been  proved  repeatedly  upon  copper  and 
iron  bolts,  with  the  most  satisfactory  re- 
sults, and  articles  prepared  with  this  so- 
lution will  resist  combustion  in  propor- 
tion to  the  strength  of  the  solution 
used."  Again,  another  method:  "  In 
Maughan's  process,  dry  wood  is  satu- 
rated with  an  aqueous  solution  of  phos- 
phate of  soda  and  muriate  or  sulphate 
of  ammonia.  A  decomposition  ensues, 
followed  by  an  evolution  of  ammoniacal 
vapor,  and  the  formation  of  an  incom- 
bustible coating  on  the  surface  of  the 
wood.''  Jackson's  patent  consists  in  the 
apphcation  of  a  solution  of  salts  of  zinc 
and  ammonia.  Mr.  Payne's  wood-pre- 
serving process  is  well  known.  Wood 
is  rendered  fireproof  by  means  of  a  so- 
lution of  sulphuret  of  barium  or  calcium. 
The  wood  or  other  vegetable  matter  is 
put  into  an  air-tight  vessel,  from  which 
the  air  is  driven  out  by  means  of  steam. 
The  steam  is  condensed  by  the  injection 
of  the  solution  of  the  sulphuret,  and  by 
the  application  of  cold  water  to  the 
outside  of  the  vessel.  A  partial  vacuiun 
being  thus  obtained,  the  solution  is  al- 
lowed to  flow  into  the  vessel  from  the 
tank  containing  it  through  a  pipe  fur- 
nished with  a  stopcock.  The  stopcock  is 
then  closed,  and  an  air-pump  connected 
with  the  vessel  is  worked  until  as  per- 
fect a  vacuum  as  possible  is  obtained 
within  the  vessel.  The  cock  is  then 
again  opened  to  allow  the  solution  to 
fill  the  vessel  nearly.  It  is  then  shut, 
and  by  means  of  a  force  pump  a  fur- 
ther quantity  of  solution  is  introduced, 
until  the  pressure  on  the  interior  of  the 
vessel  amounts  to  110  lbs.  to  140  lbs.  per 
square  inch.  This  pressure  is  maintained 
for  an  hour,  and  the  solution  is  then 
drawn  off.  The  vegetable  matter  is  then 
impregnated  in  a  similar  manner  with  an 
acid  or  a  solution  of  some  substance, 
such  as  sulphate  of  iron,  which  will 
unite  with  the  barium  or  calcium,  and 
set  the  sulphur  free.  When  the  vege- 
table matter  is  to  be  impregnated  with  a 
large  quantity  of  solid  matter  it  should 
be  dried  between  the  application  of  the 
two  fluids.     By  this  means  an  insoluble 


sulphate  of  lime  or  sulphate  of  barium 
is  formed  in  the  body  of  the  wood,  which 
is  thus  rendered  nearly  as  hard  as  stone. 
Wood  so  prepared  is  now  largely  em- 
ployed in  English  public  works  and  rail- 
ways. Of  this  same  process  Payne  him- 
self says  :  "  By  impregnating  wood  with 
a  solution  of  metallic  oxides,  alkalies, 
and  earths  in  various  proportions,  using 
exhaustion  and  pressure  to  do  it,  and 
then  in  order  to  prevent  the  disunion  of 
such  solutions  by  introducing  another 
solution  by  a  similar  means,  an  insoluble 
substance  is  formed  in  the  interstices  of 

|  the  woods.  Wood  subjected  to  this 
process  is  not  only  proof  against  wet 
and  dry  rot  in    every  situation,  but  will 

j  not  communicate  flame,  and  will  resist 
the  attacks  of  insects.     The   most   por- 

.  ous,  the  softest,  and,  of  course,  the 
cheapest  woods  are  rendered  equal  in 
point  of  usefulness,  durability  and 
strength  to  the  hardest  and  best  clescrip- 

:  tion  of  timber.  Wood  thus  prepared  is 
susceptible  of  the  finest  polish.  As  a 
preventative  to  the  spread  of  flame, 
especially  in  countries  where  the  houses 
are  for  the  most  part  composed  entirely 
of  wood,  and  in  most  cases  covered  with 
wood  shingles — the  use  of  this  process 
will   be   of  the   utmost  importance,  and 

!  will  greatly  lessen,  if  not  entirely  pre- 
vent, the  dreadful  catastrophe  so  fre- 
quently occurring  there  from  fire.  For 
all  outdoor  work,  to  whatever  inclem- 
ency of  the  weather  it   may  be  exposed, 

{ the  advantages  are  great,  and  also  for 
sleepers  and  other  works  on  railways,  as 
also  for  wood    pavement.      For    canvas 

j  and  cordage,  by  the  proper  application 
of  this  process,  all  the  advantages 
named  are  communicated  without  injury 
to  their  elasticity.  Sails,  rigging  of  ships, 
canvas  for  tents,  tarpaulings,  &c3  are  by 
this  means  effectively  protected  and  im- 
proved." Again,  "Herbert's  Encyclopae- 
dia "  says :   "  Many  ingenious  experiments 

|  have  been  resorted  to  to  render  wood 
fireproof.  Solutions  of  muriate  of  am- 
monia, muriate  of  soda,  sal  ammoniac, 
borax,  alum,  and  several  other  salts  and 
alkalies  have  this  property  to  a  certain 
extent.  Professor  Fuchs  invented  a  solu- 
tion for  this  purpose — 10  parts  potassa, 
or  soda  ;  15  parts  of  pure  silicious  earth, 
and  1  part  charcoal  mixed  with  water. 
This  composition,  applied  to  the  surface 
of  the  wood,  forms  a  vitreous  coat,  which 
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effectually  resists  the  action  of  fire.  De- 
cisive experiments  fully  established  the 
efficacy  of  this  plan,  and  the  Royal 
Theater  of  Munich  was  protected  by  the 
application  of  this  composition.  The 
surface  covered  was  upwards  of  400,000 
square  feet,  and  the  expense,  it  is  said 
did  not  exceed  5,000  francs — £200,  or 
less  than  4s.  for  400  square  feet.  The 
following  is  an  English  composition  for 
a  like  purpose :  1  part,  by  measure,  of 
fine  sand,  2  parts  of  wood  ashes,  and  3 
parts  slaked  lime  ground  together  with 
oil,  and  laid  on  with  a  painter's  brush; 
the  first  coat  thin,  and  the  second  thick. 
This  forms  a  very  strong  and  adhesive 
compound,  which  is  both  fireproof  and 
waterproof.  Again,  Solomon's  patent 
consists  in  a  peculiar  application  of  two 
solutions  to  the  surface  of  the  wood,  the 
first  consisting  of  sulphate  of  alumina, 
glue  and  water,  and  the  second  of  chlo- 
ride of  calcium,  glue  and  water."  Also, 
in  "Spon's  Workshop  Receipts":  "A 
wash  composed  of  lime,  salt,  and  fine 
s^and,  or  wood  ashes,  put  on  in  the  ordi- 
nary way  of  whitewash,  renders  a  shingle 
roof  fifty-fold  more  safe  from  fire  from 
falling  cinders  in  case  of  fire  in  the  vicin- 
ity. It  has  also  a  preserving  influence 
against  the  effect  of  the  weather.  The 
older  and  more  weather-beaten  the 
shingles  the  more  benefit  derived.  Such 
shingles  are  generally  more  or  less 
warped,  rough  and  cracked.  The  appli- 
cation of  the  wash  by  washing  the  up- 
per surface  restores  them  to  their  origi- 
nal or  firm  form,  thereby  closing  the 
space  between  the  shingles  and  the  lime 
and  sand  ;  filling  up  the  cracks  prevents 
it  from  warping.  By  the  addition  of  a 
little  lampblack,  the  wash  may  be  made 
of  the  same  color  as  old  shingles,  and 
thus  remove  the  offensive  glare  of  a 
whitewashed  roof."  Such  is  the  informa- 
tion we  are  able  to  glean,  so  far ;  and 
before  offering  any  suggestion  of  our 
own  as  to  the  best  mode  of  proceeding, 
let  us  remember  that  to  season  timber  in 
the  ordinary  way  requires  seldom  less  than 
three  years',  often  six  or  eight  years'  ex- 
posure to  the  air  freely ;  and  though  (ow- 
ing to  the  suffocating  fumes  emitted  when 
exposed  to  great  heat)  Kyan's  (chloride 
of  mercury)  is  out  of  the  question  for  us, 
still  the  burnettizing  (chloride  of  zinc), 
boucherizing  (sulphate  of  copper),  and 
beerizing  (borax)   systems    the  destruc- 


tive principle  (sap)  is  dried  and  rendered 
inert.  They  render  larch,  firs  of  all 
kinds,  willow,  birch,  elm,  beach,  ash,  pop- 
lar, &c,  of  considerable  value  for  dur- 
able purposes.  We  would,  therefore, 
suggest  for  houses  already  built :  Apply 
several  washings  of  silicate  of  soda  to 
the  fixtures  of  every  description,  and  let 
the  removable  lighter  work,  roof  shingle 
(when  used),  mats,  &c,  soak  several  days 
in  the  same  solution.  Where  shingle 
roofs  are  used,  let  these  be  afterwards 
coated  with  lime,  salt,  fine  sand,  or 
wood  ashes.  When  new  houses  are  to 
be  built,  impregnate  the  main  or  thick 
timbers  thoroughly  with  chloride  of  zinc 
by  pressure,  obtained  as  in  boucherizing, 
whilst  the  timber  is  green ;  allow  it  to 
dry  thoroughly  before  fixing,  and  paint 
the  outside  with  silicate  of  soda  three 
times  when  in  position.  The  lighter 
woodwork,  shingles,  &c,  can  be  cut  from 
large  balks  thus  impregnated,  and  after- 
wards washed  superficially  with  silicate 
of  soda,  or  this  thin  woodwork  may  be 
saturated  by  steeping  in  silicate  of  soda 
for  several  days.  By  the  use  of  the 
above  comparatively  simple  and  inex- 
pensive remedies,  all  complicated  steam- 
pressure  paraphernalia,  vacuum  pumps, 
&c,  are  avoided.  The  area  of  fires  would 
be  greatly  reduced,  whilst  a  scheme  of 
fire  assurance  would  become  feasible 
where  these  precautions  were  taken  by 
the  inhabitants  of  any  block  of  build- 
ings, as  any  spread  of  a  conflagration 
would  be  arrested  and  kept  in  check  at 
such  a  small  loss  to  the  outside  houses 
of  the  block,  as  would  fall  lightly  on  any 
company  holding  an  assurance  on  the 
whole  block.  The  inhabitants  of  any 
block  of  houses  might  assure  against 
fire  amongst  themselves,  on  condition 
that  the  above  precautions  were  observed 
by  all,  whilst  any  jealousy  on  account  of 
vested  interests  of  firemen  might  be 
met  by  paying  a  certain  sum,  to  be  ap- 
proved by  former  statistical  returns,  to 
fire  brigades,  and  deducting  according  to 
the  number  and  extent  of  fires,  not  to 
pit  any  district  fire  brigade  against  an- 
other for  a  prize,  as  that  would  only 
lead  to  a  prevalence  of  fires  (accidental, 
of  course)  in  opposing  districts. 


The  Columbo  breakwater  is  finished,  and  the 
Ceylon  Observer  advocates  the  construction 
of  a  northern  arm  to  the  breakwater  and  docks. 
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ABSTRACT    OF    RESULTS    OF    EXPERIMENTS    ON    RIVETED 
JOINTS,  WITH  THEIR  APPLICATION  TO  PRACTICAL  WORK. * 

By  Prof.  ALEXANDER  B.  W.  KENNEDY. 

From  "The  Engineer." 


The  experiments,  of  which  the  follow- 
ing is  an  abstract,  consist  of  fourteen 
series,  and  cover  in  all  290  experiments, 
64  on  perforated — punched  and  drilled — 
plates,  97  on  actual  joints,  44  on  the  ten- 
acity of  the  plates  used  in  the  joints,  33 
on  the  tenacity  and  shearing  resistance  of 
the  rivet  steel  used  in  the  joints,  and  the 
rest  on  various  other  matters  connected 
with  them.  All  the  joints  in  the  whole 
series  were  supposed  to  be  made  of  the 
same  material,  a  soft  steel  or  ingot  iron, 
supplied  from  the  Landore-Siemens  Steel 
Works ;  and  that  all  the  rivets  were  made 
from  rivet  steel  supplied  from  the  same 
works. 

Having  summarized  the  experiments 
themselves,  the  author  proceeds  to  sum- 
marize the  conclusions  which  it  appears 
safe  to  draw  from  them,  to  examine  the 
proportions  of  joint  which  they  appear  to 
indicate  as  the  best,  and  to  mention  the 
points  on  which  further  information  is 
now  being  obtained.  In  accordance  with 
the  plan  pursued  in  the  rest  of  this  ab- 
stract, this  will  be  done  in  the  briefest 
possible  manner,  without  discussing  the 
points  at  length  as  they  occur.  In  most 
cases  a  much  more  detailed  treatment  of 
them  will  be  found  in  the  various  reports 
of  the  riveting  committee,  of  which  this 
is  only  an  abstract.  It  will  be  remem- 
bered, and  may  be  again  stated  here  once 
for  all,  to  avoid  repetition,  that  the  con- 
clusions given  below  all  refer  to  joints 
made  in  soft  steel  plate  with  steel  rivets, 
that  the  holes  were  all  drilled,  and  that 
the  plates  were  in  their  natural  state — 
unannealed.  Further,  it  should  be  said, 
that  all  dimensions,  thicknesses  of  plate, 
&c,  were  measured  by  the  most  accurate 
means  available ;  and  in  every  case  the 
rivet  or  shearing  area  has  been  assumed  to 
be  that  of  the  holes,  not  the  nominal — or 
real — area  of  the  rivets  themselves.  Also 
in  every  case  the  strength  of  the  metal  in 
the  joint  has  been  compared  with  that  of 
strips  cut  from  the  same  plates,  and  not 

*  Abstract  of  paper  read  before  the  Institution  of 
Mechanical  Engineers. 
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merely  with  nominally  similar  material. 
It  is  thought  that,  if  these  points  had  al- 
ways been  attended  to,  many  of  the  dis- 
crepancies in  published  riveted- joint  ex- 
periments would  never  have  appeared. 

(1).  The  metal  between  the  rivet  holes 
has  a  considerably  greater  tensile  resist- 
ance per  square  inch  than  the  imperfor- 
ated metal.  This  excess  tenacity  amounted 
to  more  than  20  per  cent. — both  in  f  inch 
and  j  inch  plates — when  the  pitch  of  the 
rivet  was  about  1.9  diameter.  In  other 
cases  §  inch  plate  gave  an  excess  of  15 
per  cent,  at  fracture  with  a  pitch  of  2  di- 
ameters, of  10  per  Jcent.  with  a  pitch  of 
3.6  diameters,  and  of  6.6  per  cent,  with  a 
pitch  of  3.9  diameters ;  and  j-  inch  plate 
gave  7.8  per  cent,  excess  with  a  pitch  of 
2.8  diameters. 

(2).  The  shearing  resistance  of  the  rivet 
steel  is  a  matter  upon  which,  as  has  been 
pointed  out,  further  experiment  is  re- 
quired. It  may  be  taken  as  established 
that  the  resistance  per  square  inch  in 
double  shear  is  as  great  as  that  in  single 
shear,  so  that  allowance  need  not  be  made 
for  the  two  shearing  planes  not  being 
equally  stressed.  In  single- riveted  joints, 
however,  the  bending  of  the  plates  will 
put  considerable  tensile  stress  in  the 
rivets ;  and  this  may  diminish  their  ap- 
parent shearing  resistance.  In  single- 
riveted  joints  it  may  be  taken  that  about 
22  tons  per  square  inch  is  the  shearing 
resistance  of  rivet  steel,*  when  the  press- 
ure on  the  rivets  does  not  exceed  about 
40  tons  per  square  inch.  In  double-riv- 
eted joints,  with  rivets  of  about  f  inch  di- 
ameter, most  of  the  experiments  gave 
about  24  tons  per  square  inch  as  the 
shearing  resistance,  but  the  joints  in 
Series  XIII.  went  at  22  tons.  In  Series 
XIII.  the  larger  rivets  also  went  at  a  low 
load ;  but  in  the  other  double-riveted 
joints,  with  larger  rivets,  these  latter  re- 
mained unbroken  at  a  stress  of  22  tons 
per  square  inch. 

*  In  one  pair  of  single-riveted  joints  only  a  shearing 
resistance  of  over  24  tons  per  square  inch  was  reached; 
in  none  of  the  other  did  it  exceed  22.5  tons. 
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(3)  The  size  of  the  rivet  heads  and  ends 
plays  a  most  important  part  in  the  strength 
of  the  joints — at  any  rate  in  the  case  of 
single-riveted  joints.  An  increase  of  about 
one-third  in  the  weight  of  the  rivets — all 
this  increase,  of  course,  going  to  the  heads 
and  ends — was  found  to  add  about  8J  per 
cent,  to  the  resistance  of  the  joint,  the 
rivets  remaining  unbroken  at  twenty- 
two  tons  per  square  inch  instead  of 
shearing  at  a  little  over  twenty  tons.* 
The  additional  strength  is,  no  doubt,  due 
to  the  prevention  of  so  great  tensile  stress 
in  the  rivets  through  distortion  of  the 
plates. 

(4)  The  strength  of  a  joint  made  across 
a  plate  is  equal  to  that  of  one  made  in 
the  usual  direction.  (Both  this  conclu- 
sion and  the  last  preceding  are  stated  as 
the  result  of  a  very  limited  number  of 
experiments  ;  but  there  seems  no  reason 
to  doubt  their  general  truth.) 

(5)  The  intensity  of  bearing  pressure 
on  the  rivets  exercises,  with  joints  pro- 
portioned in  the  ordinary  way,  a  very 
important  influence  on  their  strength. 
So  long  as  it  does  not  much  exceed  40 
tons  per  square  inch — measured  on  the 
projected  area  of  the  rivets — it  does  not 
seem  to  affect  their  strength ;  bat  press- 
ures of  50  to  55  tons  per  square  inch 
seem  to  cause  the  rivets  to  shear  in  most 
cases  at  stresses  varying  from  16  to  18 
tons  per  square  inch.  This  conclusion  is 
based  on  the  experiments  of  Series  X., 
in  which  the  margin  was  made  equal  to 
the  diameter  of  the  drilled  hole.  For 
ordinary  joints,  which  are  to  be  made 
equally  strong  in  plate  and  in  rivets,  the 
bearing  pressure  should,  therefore,  prob- 
ably not  exceed  42  or  43  tons  per  square 
inch.  For  double-riveted  butt  joints, 
perhaps,  as  will  be  noted  later,  a  larger 
pressure  may  be  allowed,  as  the  shearing 
stress  may  probably  not  exceed  16  or  18 
tons  per  square  inch  when  the  plate 
tears.  But  in  this  case  it  would  prob- 
ably be  wise  to  increase  the  margin. 

(6)  A  margin — or  net  distance  from 
outside  of  holes  to  edge  of  plate — equal 
to  the  diameter  of  the  drilled  hole,  has 
been  found  sufficient  in  all  cases  hitherto 
tried. 

(7)  To  attain  the  maximum  strength  of 
a  joint,  the  breadth  of  lap  must  be  such 
as  to  prevent  it  from   breaking  zigzag. 

*  See  "Proceedings,"  1881,  pp.  713,  714. 


Such  a  method  of  fracture  must  inevita- 
bly be  accompanied  by  unequal  stresses 
in  the  plate  straight  between  the  rivet 
holes,  and  by  consequent  diminution  of 
strength.  It  has  been  found  that  the 
net  metal  measured  zigzag  should  be 
from  30  to  35  per  cent,  in  excess  of  that 
measured  straight  across,  in  order  to  in- 
sure a  straight  fracture.  This  corre- 
sponds to  a  diagonal  pitch  of  f  p  +  ^,  if 

o 

p  be  the  straight  pitch  and  d  the  diame- 
ter of  the  rivet  hole.  To  find  the  proper 
breadth  of  lap  for  a  double  -  riveted 
joint,  it  is  probably  best  to  proceed  by 
first  setting  this  pitch  off,  and  then  find- 
ing from  it  the  longitudinal  pitch  or  dis- 
tance between  the  centers  of  the  lines  of 
rivets. 

(8)  Visible  slip  or  "give"  occurs  al- 
ways in  a  riveted  joint  at  a  point  very 
much  below  its  breaking  load,  and  by  no 
means  proportional  to  that  load.  A  care- 
ful collation  of  all  the  results  obtained  in 
measuring  the  slip  indicates  pretty  clear- 
ly that  it  depends  upon  the  number  and 
size  of  the  rivets  in  the  joint,  rather 
than  anything  else,  and  that  it  is  toler- 
ably constant  for  a  given  size  of  rivet  in 
a  given  type  of  joint.  The  loads  per 
rivet  at  which  a  joint  will  commence  to 
slip  visibly  are  approximately  as  follows: 


Rivet 
diam- 
eter. 


Type  of  joint. 


Single  riveted 
Double  riveted 


1  inch  Single  riveted 
Double  riveted 


Rivet- 
ing. 


Hand 

Machine 
Hand 

Machine 


Slipping 

load 
per  rivet. 


2.5  tons 

3.0  to  3.5  tons 

7  tons 

3.2  tons 

4.3  tons 

8  to  10  tons 


To  find  the  probable  load  at  which  a 
joint  of  any  breadth  will  commence  to 
slip,  it  is  only  necessary  to  multiply  the 
number  of  rivets  in  the  given  breadth  by 
the  proper  figure  taken  from  the  last  col- 
umn of  the  table  above.  It  will  be  un- 
derstood that  the  above  figures  are  not 
given  as  exact ;  but  they  represent  very 
well  the  results  of  the  experiments  in  all 
series  from  VIII.  to  XIII.,  except  Series 
X.,  in  which  the  average — for  1  inch 
rivets — was  much  lower  than  that  given 
above.  In  this  series,  however,  the  pro- 
portions of  the  joints  were  intentionally 
somewhat  abnormal ;  and  it  is,  perhaps, 
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not   to   be  expected  that  in  this  respect 
their  results  should  agree  with  those  of ; 
the  other  experiments.     This  result  as  to 
the   slipping  of  a   joint,   although,  per- 
haps, unexpected,  is  not  contrary  to  what  j 
ought  to  have  been  expected.     For  ex- 
periments show  that,  long  before  stress- 
es are  reached  which  could  visibly  stretch  j 
the  plates  of  a  joint,  there  will  be  quite 
measurable  shear  of  the  rivet.     The  vis- ! 
ible  slip,  therefore,   will   consist    almost  | 
wholly  of    this  shear,  the  magnitude  of  j 
which  wrill  depend  primarily  on  the  num- 
ber and  size  of  the  rivets  in  the  joint. 
Anything   that   will  hold  the  plates  up  j 
better  together,  such  as  hydraulic  press-  j 
ure  on  the  rivets,  might  be  expected  to  ! 
diminish   this   shear   or   delay   its  com- 
mencement— exactly   as    seems   to   have  j 
happened.    The  following  table  gives  the  j 
results   of   experiments   on   this   matter ! 
which  were  made  along  with  those  given  J 
in  the  Committee's  first  Keport,  but  which  ; 
have  not   been  previously  published  in 
the    "  Proceedings "    of    the   Institution. 
The  experiments   are  on  1  inch  turned 
pins  of  rivet  steel,  tested  in  the  single- 
shear   apparatus   already  described.     Of i 
course,  the  shear  would  commence  later, 
and  be  at  first  smaller  in  extent,  when  \ 
the  pin  was  replaced  by  an  actual  rivet, 
and  when  the  plates  were  thus  forcibly 
held  together,  instead  of  being  quite  free 
to  slide,  except  as  far  as  held  from  mo- 
tion by  the  resistance  to  shear. 


(9)  The  value  of  machine-riveting,  as 
compared  with  hand-riveting,  in  cases 
where  sound  hand-riveting  is  possible, 
lies  mainly,  if  not  entirely,  in  the  fact 
that  it  doubles  the  load  at  which  the  slip 
of  a  joint  commences.  This  conclusion 
is  subject  to  modification  by  future  ex- 
periments with  the  use  of  higher  press- 
ures in  closing  the  rivet,  which  may 
probably  still  further  raise  the  slipping 
load,  so  that  the  advantage  of  machine- 
riveting  may  quite  possibly  be  even 
greater  than  it  is  here  assumed  to  be ; 
but  there  is  no  indication  that  it  is  likely 
to  affect  the  ultimate  strength  of  the 
joint.  The  question  of  friction  in  the 
joint,  which  has  not  been  specially  ex- 
perimented on  by  the  committee,  no 
doubt  comes  in  in  the  same  way.  The 
friction  induced  by  the  rivet  will  affect 
the  point  at  which  slip  commences,  but 
can  hardly  have  much,  if  any,  relation  to 
the  breaking  load.  It  is  thought  that 
the  load  at  which  visible  slip  commences 
is  probably  proportional  to  the  load  at 
which  leakage  would  begin  in  a  boiler. 
Looked  at  this  way,  it  will  be  seen  that 
the  great  value  of  hydraulic  riveting  ap- 
pears to  he  rather  in  the  increased  secur- 
ity and  stiffness  it  gives  at  ordinary 
working  loads  than  in  any  actual  raising 
of  the  breaking  load.  From  a  practical 
point  of  view  the  former  is  probably  the 
more,  and  not  the  less,  important  func- 
tion.    Further  experiments  are  now  in 


Test  Numbers. 

Shearing  Stress  in 

1 

343 

344 

345 

346 

347 

348 

lbs.  per  square  inch. 

Amount  of  Shear  in  Inches. 

0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

6,365 

.010 

.013 

.016 

.022 

.055 

.021 

12,730 

.022 

.028 

.030 

.034 

.066 

.032 

19,100 

.034 

.040 

.042 

.048 

.078 

.043 

25,460 

.055 

.060 

.060 

.071 

.091 

.062 

28,320 

.066 

— 

— 

— 

— 

— 

31,830 

.080 

.086 

.082 

.091 

.113 

.183 

35,010 

.093 

— 

— 

— 

— 

— 

38,190 

.113 

.113 

.108 

.114 

.140 

.108 

41,380 

.141 

— 

— 

— 

— 

— 

44,550 

.168 

.152 

.142 

.170 

.171 

.155 

47,740 

.200 

— 

— 

— 

— 

— 

50,910 

.242 

.200 

.196 

.248 

.238 

.222 

54,110 

— 

— 

— 

— 

— 

— 

Breaking  load)  lbs  . . . 

54,110 

54,930 

55,240 

52.830 

56,670 

53,530 

per  sq.  inch  )  tons. . . 

24.15 

24.52 

24.66 

23.59 

25.29 

23.90 
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progress  to  test  the  effect  of  higher  clos- 
ing pressures  on  the  rivet  than  were 
used  in  Series  XII.  and  XIII.,  the  results 
of  which,  it  is  hoped,  will  allow  more 
definite  conclusions  to  be  arrived  at  in 
respect  to  the  comparative  merits  of  hy- 
draulic and  hand  riveting. 

(10)  The  experiments  point  to  very 
simple  rules  for  the  proportioning  of 
joints  of  maximum  strength,  which  will 
be  mentioned  before  any  other  joints  are 
discussed.  Assuming  that  a  bearing 
pressure  of  43  tons  per  square  inch  may 
be  allowed  on  the  rivet,  and  that  the  ex- 
cess tenacity  of  the  plate  is  10  per  cent, 
of  its  original  strength,*  the  following 
short  table  gives  the  values  of  the  ratios 
of  diameter  d  of  the  hole  to  thickness  t 

of  plate  (-)  and  of  pitch  p  to  diameter 

of  hole  (^),in  joints  of  maximum  strength 
in  f  inch  plate : 


^  ■£      d 


30 

28 
30 

28 


2    Q    <D    ft  o 

'S  ^  >■       d 
g  .S  pS  d  ^ 

O  t"1  GQ 


■« 


22 
22 
24 
24 


Ratio 


2.48 
2.48 

2.28 
2.28 


Ratio 
p_ 

d 


2.30 
2.40 

2.27 
2.36 


0.667 
0.785 
0.713 
0.690 


Summed  up  and  rounded  off,  this 
means  that  the  diameter  of  the  hole — not 
the  diameter  of  the  rivet  cold — should 
be  two  and  a-third  times  the  thickness 
of  the  plate,  and  the  pitch  of  the  rivets 
two  and  three-eighth  times  the  diameter 
of  the  holes.j  In  mean  also  it  makes 
the  plate  area  71  per  cent,  of  the  rivet 
area.  If  a  smaller  rivet  be  used  than 
that  here  specified,  the  joint  will  not  be 
of  uniform  and  therefore  not  of  maximum 
strength;  but  with  any  other  size  of 
rivet  the  best  result  will  be  got  by  use  of 


*  The  excess  strength  is  taken  lower  than  the  aver- 
age result  of  the  experiments,  because  it  is  probable 
enough  that  the  steel  used  had  more  than  the  average 
softness. 

t  The  small  difference  here  from  the  constants  for- 
merly given  is  due  to  the  assumption,  now  quite  jus- 
tified, of  a  somewhat  greater  bearing  pressure  than 
was  then  allowed. 


the  pitch  obtained  from  the  formula  for- 
merly cited, 

p=a \-d 

t 

where,  as  before,  d  is  the  diameter  of  the 
hole.  The  value  of  the  constant  a  in  this 
equation  is  as  follows : 

For  30-ton  plate  and  22-ton  rivets,  a=0.524 
"    28  "  22  "  0.558 

"    30  "  24  "  0.570 

"    28  "  24  "  0.606 

d2 

or  in  the  mean,  the  pitch  p=0.56 \-d. 

0 

It  should  be  noticed  that  with  too 
small  rivets  this  gives  pitches  often  con- 
siderably smaller  in  proportion  than  2f  th 
times  the  diameter.  For  double-riveted 
lap  joints  a  similar  calculation  to  that 
given  above,  but  with  a  somewhat  smaller 
allowance  for  excess  tenacity  on  account 
of  the  large  distance  between  the  rivet- 
holes,  shows  that  for  joints  of  maximum 
strength  the  ratio  of  diameter  to  thick- 
ness should  remain  precisely  as  in  single- 
riveted  joints;  while  the  ratio  of  pitch  to 
diameter  of  hole  should  be  3.64  for  30-ton 
plates,  and  22  or  24-ton  rivets,  and  3.82 
for  28-ton  plates  with  the  same  rivets. 
Here,  still  more  than  in  the  former  case, 
it  is  likely  that  the  prescribed  size  of  rivet 
may  often  be  inconveniently  large.  In 
this  case  the  diameter  of  rivet  should  be 
taken  as  large  as  possible ;  and  the  strong- 
est point  for  a  given  thickness  of  plate 
and  diameter  of  hole  can  then  be  obtained 
by  using  the  pitch  given  by  the  equation 

d2      _ 
pz=a—  +  d, 

0 

where  the  values  of  the  constant  a  for 
different  strengths  of  plate  and  rivet  may 
be  taken  as  follows  :  [See  table  next  page.] 
Practically  we  may  say  that,  having  as- 
sumed the  rivet  diameter  as  large  as  pos- 
sible, we  can  fix  the  pitch  as  follows,  for 
any  thickness  of  plate  from  J-  in.  to  f  in. : — 
For  30-ton  plate  and  24-ton  rivets ") 
"    28       "  22       "  j 

p=l.W  —  +  d 
t 

For  30-ton  plate  and  22-ton  rivets 

£>=1.06^-  +  d 

0 

For  28- ton  plate  and  24-ton  rivets 

p=lM—  +d 
t 
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Table  of  Proportion  of  Double-riveted 
Lap  Joints,  in  which 


p=a- 


+  d. 


Thickness 

Original 

Tenacity 

of 

of  Plate. 

Tons  per 

Plate. 

Sq.  Inch. 

f-inch 

30 

" 

28 

" 

30 

(« 

28 

f-inch 

30 

" 

28 

" 

30 

28 

Shearing 

Resistance 

of  Rivets. 

Tons  per 

Square  Inch. 


24 
34 

oo 

82 

24 
24 
22 
22 


Value  of 

constant 

a. 


1.15 


1.17 
1.25 
1.07 
1.14 


In  double-riveted  butt  joints  it  is  im- 
possible to  develope  the  full  sbeariDg  re- 
sistance of  the  joint  without  gettiug  ex- 
cessive bearing  pressure,  because  the 
shearing  area  is  doubled  without  increas- 
ing the  area  on  which  the  pressure  acts. 
In  the  writer's  last  report  it  was  shown 
that,  considering  only  the  plate  resistance 
and  the  bearing  pressure,  and  taking  this 
latter  as  45  tons  per  square  inch,  the  best 
pitch  would  be  about  four  times  the  di- 
ameter of  the  hole.  It  appears  justifiable, 
however,  to  apply  here  the  results  of 
Series  X.,  and  take  corresponding  con- 
stants. Thus  we  may  probably  say  with 
some  certainty  that  a  pressure  of  from  45 
to  50  tons  per  square  inch  on  the  rivets 
will  cause  shearing  to  take  place  at  from 
16  to  18  tons  per  square  inch.  Working 
out  the  equations  as  before,  but  allowing 
excess  strength  of  only  5  per  cent,  on 
account  of  the  large  pitch,  we  find  that 
the  proportions  of  double-riveted  butt 
joints  of  maximum  strength  under  given 
conditions  are  those  of  the  following  table : 


Original 

Shearing 

Bearing 

Ratio 

Ratio 

Tenacity 

Resistance 

Pressure. 

of  Plate. 

of  Rivets. 

d 

V 

Tons  per 

Tons  per 

Tons  per 

t 

d 

Sq.  Inch. 

Sq.  Inch. 

Sq.  Inch. 

30 

16 

45 

1.80 

3.85 

28 

16 

45 

1.80 

4.06 

30 

18 

48 

1.70 

4.03 

28 

18 

48 

1.70 

4.27 

30 

16 

50 

2.00 

4  20 

28 

16 

50 

2.00 

4  42 

Practically,  therefore,  it  may  be  said 
that  we  get  a  double-riveted  butt  joint  of 
maximum  strength  by  making  the  diam- 
eter of  hole  about  1.8  times  the  thickness  of 
the  plate,  and  making  the  pitch  4.1  times 
the  diameter  of  the  hole.  These  are  very 
nearly  the  proportions  which  were  used 
for  the  §  inch  joints  in  Series  XI.  to 
XIII. ;  for  the  f  inch  joints  the  diameter 
of  the  rivet  was,  as  with  the  lap  joint,  less 
than  that  indicated  by  theory.  In  thick 
plates,  where  it  is  thought  impossible  or 
inconvenient  to  make  the  rivet-holes  so 
large  as  1.8  times  the  thickness,  the  best 
pitch  for  any  assumed  diameter  of  rivet 
cannot  be  found  by  the  method  formerly 
used ;  for  here  we  have  not  a  given  maxi- 
mum shearing  stress  to  work  to,  but  rather 
the  shearing  stress  which  in  a  given  joint 
causes  a  given  maximum  pressure  on  the 
rivets.  The  best  ratio  of  pitch  to  diam- 
eter of  hole  in  double-riveted  butt  joints 
of  maximum  strength  for  any  assumed 
diameter  of  hole,  d,  is,  therefore,  the  same 
as  that  given  in  the  last  table,  or  in  mean, 
4.1. 

(11) .  All  the  experiments  hitherto  made 
have  necessarily  connected  themselves 
with  the  question  of  strength,  and  the 
proportions  just  given  belong  to  joints  of 
maximum  strength.  But  in  a  boiler  the 
one  part  of  the  joint,  the  plate,  is  much 
more  affected  by  time  than  the  other  part, 
the  rivets.  It  is  therefore  not  unreason- 
able to  estimate  the  percentage  by  which 
the  plates  might  be  weakened  by  cor- 
rosion, &c,  before  the  boiler  would  be 
unfit  for  use  at  its  proper  steam  press- 
ure, and  to  add  correspondingly  to  the 
plate  area  Probably  the  best  thing  to  do 
in  this  case  is  to  proportion  the  joint  not 
for  the  actual  thickness  of  plate,  but  for 
a  nominal  thickness  less  than  the  actual 
by  the  assumed  percentage.  In  this  case 
the  joint  will  be  approximately  one  of 
uniform  strength  by  the  time  it  has 
reached  its  final  workable  condition ;  up 
to  which  time  the  joint  as  a  whole  will 
not  really  have  been  weakened,  the  corro- 
sion only  gradually  bringing  the  strength 
of  the  plates  down  to  that  of  the  rivets. 
Thus,  suppose  a  single-riveted  lap  joint 
in  §  inch  plate  is  in  question,  and  it  is 
considered  that  corrosion  will  make  this 
equal  to  only  J-inch  plate  before  the  boiler 
pressure  has  to  be  lowered  The  rivet 
should  then  be  proportioned  as  if  the 
plate  had  a  thickness  of  0.5  inch,  which 
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would  give  for  30-ton  plate  and  22-ton 
rivets  (see  Table,  preceding  page)  a 
diameter  of  hole  of  1.24  inch.  Assume 
this  as  too  large  to  be  convenient,  and  take 
the  diameter  of  hole  as  1  inch.  Then 
from  the  Table,  preceding  page,  the 
pitch  will  be 

p——— — h  1=2.05  inches. 
U.o 

The  ratio  of  plate  to  rivet  area  to  start 
with  will  be  0.835,  which  means,  of  course, 
that  the  plate  is  in.  excess ;  but  the  ratio 
will  diminish  until  it  reaches  0.667,  when 
the  strength  of  the  plate  has  become 
equivalent  to  that  of  one  only  \  inch  thick, 
as  was  required.  The  efficiency  of  the 
joint  would  be  45  per  cent.,  whereas  the 
best  efficiency  of  a  joint  in  -|inch  plate 
with  1  inch  holes  Qo=1.84  inch)  would  be 
50  per  cent.,  and  the  best  possible  ef- 
ficiency of  a  single-riveted  lap  joint  in 
-f  inch  plate  under  the  given  condition  of 
streugth  would  be  about  62  per  cent.  It 
is  hardly  necessary  to  point  out  how 
strongly  these  figures  indicate  the  neces- 
sity of  using  as  large  rivets  as  possible, 
and  of  taking  every  possible  means  to  re- 
duce the  allowance  necessary  for  corro- 
sion. For  a  boiler,  such  as  has  just  been 
discussed,  is  absolutely  no  stronger  than 
one  of  \  inch  plate  throughout,  if  only  the 
thickness  of  the  latter  could  be  kept  un- 
reduced at  the  joints. 

(12).  There  are  now  in  hand  for  the  Riv- 
eting Committee  further  experiments  on 
double-riveted  joints  of  the  general  types 
already  tested,  in  f  inch,  f  inch  and  1 
inch  plate,  designed  specially  to  throw 
light  upon  the  questions  of  hydraulic  and 
hand-riveting,  high  and  low-pressure  hy- 
draulic- rivetiDg,  and  the  practical  value  of 
exceptionally  large  rivets.  They  will  also 
give  further  information  as  to  the  slip 
of  joints,  and  other  points  already  dis- 
cussed ;  and  may  further,  it  is  hoped,  be 
made  use  of  to  throw  some  light  on  rather 
more  obscure  problems — such  as  those 
raised  recently  by  Mr.  Milton  at  the  In- 
stitution of  Naval  Architects — connected 
with  the  stress  in  the  metal  of  the  plate 
in  the  neighborhood  of  the  joint. 

Although  this  paper  is  an  unofficial 
abstract  of  the  result  of  experiments  only, 
and  not  an  official  summary  of  the  whole 
work  of  the  Riveting  Committee,  the  au- 
thor may  be  allowed  to  call  attention,  in 
conclusion,  to  other  memoirs,  not  reports 
on  experiments,  which  have  been  prepared 


in  connection  with  the  work  of  the  com- 
mittee. Of  these  the  earliest,  and  by  far 
the  most  important,  is  the  admirable  sum- 
mary of  the  published  results  obtained  up 
to  the  time  when  the  committee  com- 
menced work,  by  Professor  W.  Cawthorne 
Unwin,  and  published  in  the  "  Proceed- 
ings "  for  1881,  pp.  301-368.  This  paper, 
along  with  many  valuable  suggestions 
made  by  its  author  at  the  time,  formed 
really  the  foundation  of  the  whole  work 
of  the  committee.  The  table  compiled 
by  Mr.  Ralph  H.  Tweddell,  showing  rules 
of  practice  used  by  manufacturers  for 
riveted  joints  in  iron,  published  in  the 
"  Proceedings  "  for  1881,  pp.  293-299,  has 
proved  very  instructive.  In  addition  to 
this,  Mr.  Tweddell  has  contributed  some 
remarks  on  hydraulic  riveting  to  the  last 
report  of  the  committee  just  issued  to 
members;  and  Mr.  W.  Silver  Hall  has 
added  in  the  same  place  a  collation  of 
Mr.  C.  H.  Moberly's  experiments  and 
a  few  others,  with  those  of  the  committee. 


DISINTEGEATION  OF  BUILDING  STONE. — The 
sandstone  commercially  known  as  free- 
stone, which  is  extensively  used  for  building 
purposes  in  American  cities,  is  subject  to  disin- 
tegration from  the  action  of  the  sulphurous  acid 
produced  by  the  consumption  of  coal  and  from 
frost.  There  is  much  difference  in  the  ability 
of  various  quarries  to  withstand  these  destruc- 
tive influences.  The  outer  surfaces  of  some 
buildings  in  New  York  and  Philadelphia  have 
been,  by  the  advices  of  an  eminent  chem- 
ist, treated  with  a  mixture  of  paraffin  and  car- 
bolic acid  with  apparently  good  results.  The 
flat  surfaces  are  warmed  by  means  of  a  stove  like 
a  plumber's  stove,  but  with  a  flat  side,  and  the 
paraffin  when  applied  in  a  melted  condition 
penetrates  the  stone  readily,  it  is  said  that  in 
some  instances  to  the  depth  of  \\  in.  Mouldings 
and  carved  work  are  heated  by  means  of  a  blast 
flame  from  india-rubber  bags  of  illuminating 
gas.  Another  process  has  been  suggested,  but 
the  preliminary  results  do  not  appear  to  be  of  a 
satisfactory  nature  on  account  of  its  tendency 
to  crack.  In  this  process  the  mixture  used  is 
an  artificial  stone,  and  consists  of  three  parts 
glass  sand,  three  parts  broken  marble,  two  parts 
anhydrous  clay,  and  two  parts  freshly  slaked 
lime  still  warm.  After  a  coat  of  the  above  has 
been  applied  wash  it  with  water  on  the  following 
day.  The  central  portion  and  wings  of  the 
Capitol  building  at  Washington  were  originally 
built  of  freestone,  which  disintegrated  so  rapidly 
as  to  threaten  the  permanence  of  the  structure, 
and  the  whole  was  protected  by  several  coats  of 
white  paint.  The  wings  afterwards  added  to 
the  above  and  now  used  for  their  House  of  Rep- 
resentatives and  Senate  Chamber,  are  built  of 
white  marble,  which  conforms  in  color  to  the 
central  portion  of  the  building,  so  that  the  whole 
building  appears  to  be  made  of  marble. 
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THE  UTILIZATION  OF  A  NATURAL  CHALYBEATE  WATER 
FOR  THE  PURIFICATION  OF  SEWAGE. 

By  JOHN'  C.  THRESH.  D.Sc. 

From  the  "Journal  of  the  Society  of  Arts." 


The  removal  of  organic  matter  from 
water-carried  sewage  is  a  subject  of  such 
extreme  importance,  that  a  description 
of  any  process  actually  being  employed. 
whether  completely  or  in  part  successful, 
cannot  but  be  acceptable  to  all  who  are 
interested  in  sanitary  matters.  On  this 
account,  I  have  undertaken  to  lay  before 
you  this  evening  particulars  of  a  process 
of  a  somewhat  novel  character,  now  be- 
ing worked  at  one  of  our  inland  health 
resorts,  Buxton,  Derbyshire. 

The  novelty  of  the  process  lies  in  the 
fact  that  the  waters  of  a  chalybeate  spring, 
flowing  from  an  old  coal  mine  in  the  dis- 
trict, are  utilized  for  effecting  the  pre- 
cipitation and  purification.  Until  after 
the  public  opening  of  the  works  in  ques- 
tion, I  was  unaware  of  any  similar  sys- 
tem of  sewage  treatment  having  been 
attempted.  Since  then,  it  has  been 
brought  to  my  notice  that  at  Prestwich, 
near  Manchester,  an  iron  water  from  a 
neighboring  colliery  is  caused  to  mix 
with  the  sewage  from  some  forty  cottages, 
and  after  passing  through  a  number  of 
tanks,  the  effluent  runs  into  the  brook. 
Whether  anything  is  added  besides  the 
iron  water  I  have  not  been  able  to  ascer- 
tain, neither  do  I  know  whether  the  con- 
dition of  the  sewage  and  effluent  has 
ever  been  reported  upon. 

The  Buxton  sewage  is  entirely  "  do- ; 
mestic"  in  character,  there  being  no  fac- 
tories or  works  of  any  kind  turning  their 
waste  products  into  the  drains.  The 
amount  probably  averages  over  400,000 
gallons  difiy,  but  varies  very  considera- 
bly, sometimes  sinking  as  low  as  300,000 
gallons,  and  at  other  times  rising  to 
1,000,000  gallons.  Considering  that  the 
population  of  the  place  is  only  7,000, 
these  amounts  appear  enormous,  but  it ' 
must  be  remembered  that  during  the 
season  (May  to  November)  there  are 
constantly  from  1,000  to  5.000  visitors 
also  in  the  town.  Besides  this,  most  of 
the  water  from  the  springs,  for  which 
Buxton  is  famous,  finds  its  way  into  the 
sewers,  certainly  not  less  than  100,000  ! 


gallons  from  this  source  being  added 
daily  to  the  sewage,  and  a  considerable 
amount  of  storm  water  also  passes  into 
1  the  drains  and  assists  in  diluting  the 
sewage.  Were  it  not  that  during  storms 
the  flooding  of  the  sewers  brings  down 
an  immense  amount  of  offensive  matters, 
the  sewage  at  such  times  would  be  ex- 
cessively dilute.  At  the  present  time  no 
change  in  the  drainage  is  contemplated, 
but  should  it  appear  desirable  for  any 
reason  to  diminish  the  volume  of  sewage 
to  be  treated,  the  whole  of  the  bath  water 
could  be  easily  diverted  into  the  river. 

Several  schemes  for  purifying — or  at 
least  clarifying — the  sewage  have  been 
tried  and  abandoned,  and  for  some  years 
the  whole  has  been  allowed  to  run  di- 
rectly into  the  river  without  being  sub- 
ject to  any  treatment  whatever.  This 
river,  the  Derbyshire  Wye,  rises  only  a 
little  distance  beyond  the  town  through 
the  middle  of  which  it  flows ;  and  as  in 
dry  seasons  the  volume  of  water  in  the 
stream  is  fully  doubled  by  the  addition 
of  sewage,  its  condition  in  the  hot  weather 
is  better  imagined  than  described.  The 
adoption  of  the  process  of  treatment  with 
iron-water  and  lime,  an  account  of  which 
I  am  now  about  to  give,  has  resulted  in 
considerably  improving  the  character  of 
the  stream,  and  there  is  little  doubt  that 
this  river  will  henceforth  cease  to  create 
a  nuisance  in  the  lovely  valley  through 
which  it  flows. 

Briefly  stated,  the  sewage  is  treated  by 
mixing  with  about  one-third  of  its  volume 
of  a  natural  chalybeate  water,  to  which  a 
certain  amount  of  milk  of  lime  has  been 
added,  and  allowing  the  mixture  to  flow 
into  a  series  of  tanks,  in  which  the  pre- 
cipitated matter  collects,  whilst  the  clear 
effluent  flows  over  a  weir  at  the  end  into 
the  river. 

It  will  probably  conduce  to  lucidity  if 
the  whole  process,  &c,  is  described  sys- 
tematically, and  in  the  following  order : 

1.  Construction  of  the  works. 

2.  The  chalybeate  water. 

3.  Action  of  this  water  on  sewage. 
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4.  The  sewage  before  and  after  treat- 

ment. 

5.  The  matter  precipitated  (sludge). 

6.  Cost  of  construction  and  mainten- 

ance of  works. 
1.  Construction  of  the  Works. — The 
following  brief  account  of  the  works  is 
taken  from  a  report  of  Mr.  Hague,  Assoc. 
Inst.  C.E.,  the  town  surveyor,  from  whose 
plans  and  under  whose  supervision  the 
whole  has  been  constructed : 

The  iron-water  employed  is  conveyed 
by  gravitation  in  especially  made  earth- 
enware tubes,  from  a  disused  colliery  at 
the  foot  of  the  Axe  Edge  hills.  At  a 
short  distance  from  the  "heading"  en- 
trance to  the  colliery,  the  iron-water  en- 
ters a  brick  receiving  tank,  constructed 
on  the  edge  of  the  brick  course  nearest 
the  colliery,  and  is  conveyed  across  the 
brook  in  9-inch  metal  pipes  supported  on 
stone  piers.  Thence  it  takes  a  north- 
easterly direction  to  the  site  of  the 
works,  a  length  of  2  miles  163  yards,  and 
enters  a  second  tank  at  the  rear  of  the 
liming  rooms  adjoining  the  works,  which 
are  situated  between  the  River  "Wye  and 
the  Midland  Kailway,  in  Ashwood  Dale. 

The  liming  and  mixing  rooms  are 
erected  over  the  River  Wye,  supported 
by  a  stone  semi-circular  arch,  the  liming 
room  floor  being  on  a  level  with  the  ad- 
joining highway,  and  connected  with  the 
Board's  sidings  on  the  Midland  Railway. 
The  lime  required  for  precipitation 
purposes  is  conveyed  from  the  sidings 
alluded  to  to  the  hopper  of  a  patent  liming 
machine.  A  cistern  of  800  gallons  capac- 
ity receives  the  pulped  lime  from  the  ma- 
chine, and  is  supplied  with  an  agitating 
apparatus,  to  keep  the  lime  required  dur- 
ing the  night  of  a  uniform  and  suitable 
consistency.  Both  the  machine  and  agi- 
tating apparatus,  &c,  are  driven  by  an 
"  overshot  "  water-wheel,  16  ft.  in  diame- 
ter and  3  ft.  wide.  The  water  for  driv- 
ing purposes  is  taken  from  the  Wye, 
about  500  yards  higher  up  the  stream, 
and  conveyed  in  large  sanitary  tubes. 

Immediately  outside  the  liming  and 
machinery  rooms  are  constructed  dupli- 
cate brick  tanks,  into  which  the  main 
outlet  sewer  discharges.  The  tanks  are 
furnished  with  wrought -iron  screening 
wagons,  for  the  purpose  of  abstracting  the 
solid  and  floating  matter.  After  pass- 
ing through  the  screening  wagons  the 
sewage   runs    through   a   brick   conduit 


into  a  circular  metal  chamber,  fur- 
nished with  horizontal  paddles,  where 
the  iron,  lime,  and  sewage  are  thoroughly 
mixed.  From  here  the  sewage  flows  a 
distance  of  50  yards,  through  an  earth- 
enware conduit,  to  the  settling  tanks, 
consisting  of  two  sets  so  arranged  as  to 
work  either  singly  or  together.  Those 
tanks  are  constructed  of  brick  walls  set 
in  cement,  with  concrete  bottoms,  the 
walls  being  coped  with  dressed  local 
grit  stone.  The  length  of  the  tank  is  266 
ft.,  and  width  73  ft.,  and  they  are  capable 
of  holding  400,000  gallons.  The  forma- 
tion of  the  tank  bottom  is  of  original 
design,  being  3  ft.  6  in.  deeper  at  the  en- 
trance than  the  outlet,  an  arrangement 
which  has  fully  met  the  object  for  which 
it  was  introduced,  that  is  to  retain  the 
sludge  at  the  inlet  end  of  the  tanks. 
The  first  of  those  tanks  is  formed  with  a 
brick  division  wall  six  feet  from  the  inlet, 
supported  on  arches  of  a  similar  mate- 
rial, under  which  the  sewage  flows  into  a 
second  tank,  and  thence  through  the  en- 
tire series  of  tanks,  with  a  barely  per- 
ceptible motion,  to  the  effluent  weir  sill. 

In  the  center  of  the  main  division  wall,, 
at  the  inlet  end  of  the  tanks,  a  triangular 
well  is  constructed  for  cleansing  pur- 
poses, and  is  supplied  with  duplicate 
iron  run-off  doughs,  so  arranged  as  to 
remove  what  water  remains,  owing  to  the 
extra  depth  of  the  tanks  at  that  end,  after 
the  suspended  matter  has  subsided.  Out- 
side the  entrance  tank  is  a  sludge  well, 
fitted  witth  a  strong  chain  pump,  driven 
by  water  power,  and  with  cloughs  so  ar- 
ranged as  to  remove  the  sludge.  It  should 
be  stated  that  the  bottom  of  the  tanks 
is  formed  with  a  longitudinal  and  trans- 
verse inclination,  with  the  view  of  expe- 
diting the  cleansing  process,  and  mini- 
mizing manual  labor. 

2.  The  Chalybeate  Water. — The  min- 
eral water  mentioned  as  bein^g  utilized  in 
this  process  of  sewage  purification  is  de- 
rived from  a  spring  which  arises  in  the 
so-called  "  old  level "  mine  at  Burbage, 
about  two  miles  beyond  Buxton,  a  mine 
driven  in  one  of  the  beds  of  shale  between 
the  mountain  limestone  and  the  Yoredale 
rocks.  Until  recently  diverted,  the  water 
flowed  into  the  Wye,  very  near  its  source,, 
covering  the  bed  of  the  river  for  some 
distance  with  a  yellow  deposit  of  ochre. 
The  flow  of  water  varies  somewhat  con- 
siderably, but  even  in  the  driest  seasons 
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there  is  always  an  abundant  supply, 
probably  never  less  than  100.000  gallons 
in  the  24  hours.  The  amount  of  salts  in 
solution  is  almost  as  variable  as  the  flow, 
undoubtedly  due  to  the  fact  that  the 
stream  in  its  course  from  its  origin  in  the 
mine,  to  the  point  where  it  issues  from 
the  hill  side,  is  diluted  with  water  which 
percolates  through  the  strata  above,  the 
amount  of  such  dilution  varying  of  course 
with  the  rainfall. 

The  water  has  always  a  faintly  opal- 
escent appearance,  and  if  exposed  to  the 
air  an  ochery  deposit  very  rapidly  sub- 
sides. The  sample  which  I  submitted  to 
careful  analysis,  and  the  results  of  which 
are  now  given,  was  collected  during  a 
somewhat  wet  summer,  but  at  a  time 
when  no  rain  had  fallen  for  several  days 
previously.  As  besides  sulphates  the 
water  contains  only  a  small  proportion  of 
carbonates  and  a  trace  of  chlorides,  there 
is  little  room  for  theorizing  as  to  the  na- 
ture of  the  salts  in  solution. 

Each  gallon  was  found  to  contain — 

Grains. 

Silica 1.44 

Ferric  oxide 28 

Ferrous  sulphate 3 .  30 

Aluminic        '*     1.26 

Magnesium     "     7.44 

Calcium  ••     9.01 

Sodium  "     1.99 

Ferrous  carbonate 3.22 

Sodium  Chloride 76 


28.70 


[The  total  iron  corresponds  to  14.8 
grains  of  the  crystalline  sulphate,  and  the 
alumina  to  3.6  grains  of  potash  alum.] 

From  the  estimations  of  the  iron  made 
at  various  times,  I  find  that,  as  a  rule,  the 
water  is  not  nearly  so  strongly  chalybeate 
as  this  sample,  but  the  analysis  gives  us 
an  insight  as  to  the  nature  of  the  con- 
stituents and  their  relative  proportions. 
It  may  not  be  without  interest  to  mention 
that  on  the  other  side  of  Axe  Edge,  the 
hill  from  which  this  spring  arises,  there  is 
another  chalybeate  spring  very  much 
more  powerful,  containing  in  each  gallon 
299  grains  of  solid  matter,  of  which  174 
grains  are  ferric  sulphate,  and  73  grains 
aluminic  sulphate.  The  flow,  however,  is 
not  nearly  so  considerable,  and  to  convey 
it  to  Buxton  would  have  been  a  task  of 
some  magnitude. 

3.  Action  of  the  Chalybeate  Water  on 
Sewage. — When  the  iron- water  is  mixed 


with  from  two  to  four  volumes  of  (Bux- 
ton) sewage  and  allowed  to  stand,  a  de- 
posit slowly  forms,  but  even  after  many 
hours  the  mixture  does  not  become  per- 
fectly clear,  in  fact  it  remains  cloudy  for 
days.  An  examination  of  the  supernat- 
ant fluid  shows  that  a  considerable  amount 
of  organic  matter  remains  suspended  and 
in  solution,  but  that  some  has  been  re- 
moved. 

If,  however,  lime  be  mixed  in  proper 
proportions  with  the  iron-water  and  sew- 
age, then  a  more  or  less  flocculent  pre- 
cipitate at  once  forms,  the  rapidity  with 
which  this  settles  depending  upon  the 
order  in  which  the  ingredients  are  mixedT 
and  the  amount  of  agitation  received. 
The  best  results  in  the  laboratory  were 
uniformly  obtained  by  adding  lime  in  the 
proportion  of  15  grains  to  one  gallon  of 
the  ultimate  mixture  to  the  iron  water, 
and  then  pouring  this  into  the  sewage^ 
and  stirring  gently  for  half-a-minute  to  a 
minute.  Under  these  circumstances,  the 
flocculae  first  formed  aggregate  together, 
and  fall  to  the  bottom  of  the  receptacle 
with  the  utmost  rapidity.  If  the  stirring 
be  neglected,  the  flocculaB  are  small  and 
subside  very  slowly ;  if  the  agitation  be 
too  violent,  these  large  flakes  are  either 
broken  up  or  prevented  from  forming, 
and  clarification  is  again  retarded.  An- 
alysis of  the  effluent,  when  clear,  invaria- 
bly proves  the  greater  part  of  the  impuri- 
ties to  have  been  removed  in  the  precipi- 
tate. As  showing  the  marked  improve- 
ment affected  by  addition  of  the  lime,  the 
result  of  a  typical  experiment  may  be 
quoted. 

For  fifteen  hours  the  sewage  and  iron- 
water,  unmixed  with  lime,  were  allowed 
to  flow  through  the  tanks,  and  at  the  ex- 
piration of  that  time,  a  sample  of  the  ef- 
fluent (1)  was  taken.  The  liming  machine 
was  now  set  in  motion,  and  after  twenty- 
four  hours,  another  sample  of  effluent 
(2)  collected.  The  results  of  the  examin- 
ation of  the  sewage  and  the  two  effluents 
are  here  compared. 

Organic  Ammonia.       Free  Ammonia . 
In  parts  per  Million. 

Sewage  (mean). .... .  5 13. 

Effluent  (1)  turbid...  1.7       5. 

(2)  clear 7  3.9 

"Working  at  the  tanks,  it  is  found  that 
less  lime  is  required  to  effect  clarification 
than  had  been  calculated  to  be  necessary 
from  laboratory  experiments.     As  nearly 
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as  can  be  ascertained,  twelve  grains  of 
slacked  lime  to  a  gallon  of  mixed  iron- 
water  and  sewage  secures  efficiency,  and 
is  the  proportion  now  being  added.  An 
excess  of  lime  is  distinctly  prejudicial ;  a 
flocculent  precipitate  forms,  and  begins  to 
subside,  then  the  whole  volume  of  fluid 
gradually  becomes  opalescent  (apparently 
from  formation  of  calcium  carbonate),  and 
then  only  clears  after  a  considerable  lapse 
of  time. 

4.  The  Sewage  before  and  after  Treat- 
ment.— To  illustrate  the  character  of  the 
sewage  and  of  the  effluent  produced,  the 
results  of  the  daily  examination  of  both 
for  one  week  have  been  tabulated.  The 
samples  were  collected  alternately  in  the 
morning  and  afternoon : — 

Results  Expeessed  in  Geains  pee  Gallon. 
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A  more  complete  analysis  of  a  typical 
sample  of  sewage  and  of  the  correspond- 
ing effluent,  yielded  the  following  results : 

Sewage.        Effluent. 

Grains  per    Grains  per 

gallon.  gallon. 

Total  solids  (solid  at  212°F.)  36 . 1     26 . 5 

Loss  on  ignition 13.3     ....     5.5 

Chlorine 3 2.2 

Eree  ammonia. 60 24 

Alb.        "    22     ...       .04 

Sewage.        Effluent. 

Grains  per    Grains  per 

gallon.         gallon. 

Hardness,  temporary 10 6 . 

"  permanent 4 11. 

Total 14.  17. 

titrates  and  nitrites  present  in  only  small  quan- 
tities in  both. 

Upon  comparison,  it  will  be  noticed 
that  in  the  sewage  the  total  solids  varied 
from  37  to  56  grains  per  gallon,  with  an 
average  of  43  grains  ;  in  the  effluent  from 
23  to  28,  with  an  average  of  26.  In  the 
sewage  the  albumenoid  ammonia  varied 


from  .22  to  .36  grains,  with  an  average  of 
.29 ;  in  the  effluent,  from  .04  to  .07,  with 
an  average  of  .05.  The  free  ammonia  in 
the  sewage  varied  from  .65  to  1.2  grains, 
average  .94;  in  the  effluent,  from  .17  to 
.51,  the  average  being  .28. 

"With  regard  to  the  alkalinity  of  the  efflu- 
ent, I  have  refrained  from  expressing  this 
numerically,  for  fear  of  fostering  a  miscon- 
ception. If  by  alkalinity  we  mean  presence 
of  uncombined  alkali  (ammonia  and  lime), 
then  I  have  never  observed  the  sewage  to 
be  alkaline.  On  no  occasion  has  an  alka- 
line reaction  been  indicated  on  adding  a 
little  phenol-phthalein  as  indicator;  on 
the  contrary,  it  has  invariably  been  nec- 
essary to  add  more  or  less  alkali  to  pro- 
duce the  pink  tint.  Moreover,  the  pres- 
ence of  calcium  carbonate  is  always  de- 
monstrable by  comparing  the  permanent 
with  the  total  hardness. 

When  an  indicator,  such  as  methyl- 
orange,  is  employed,  no  acid  reaction  is 
exhibited;  indeed,  a  certain  amount  of 
acid  must  always  be  added  before  color- 
ation is  produced.  This,  however,  does 
not  prove  the  presence  of  free  alkalies, 
inasmuch  as  with  such  indicators  no  re- 
action is  obtained  until  all  the  carbonates 
have  been  decomposed. 

This  distinction  between  alkalinity  due 
to  presence  of  free  alkali  and  carbonates, 
is  one  of  some  importance  in  treating  of 
sewage  effluents,  as  to  whether  they  are 
in  a  fit  condition  to  cast  into  a  stream ; 
and  I  have  more  particularly  made  refer- 
ence to  it  here,  because  I  have  seen  it 
stated  that  the  effluent  from  the  Buxton 
sewage  was  "distinctly  alkaline,"  and 
commented  upon  as  though  this  alkalinity 
was  due  to  the  presence  of  lime. 

The  amount  of  lime  salts  in  solution, 
both  in  the  sewage  and  effluent,  may  be 
inferred  from  the  results  of  the  examin- 
ations for  hardness.  As  a  rule,  the  sew- 
age varied  within  the  following  limits : — 

Temporary  hardness 8 — 12 

Permanent  hardness 4 —  6 


Total 12—18 

The  effluent  similarly  gives — 

Temporary  hardness 6 —  0 

Permanent  hardness 10 — 20 


Total 16—20 

In  treating  sewage  with  lime  alone,  if 
sufficient  be  added  to  effect  anything  like 
clarification,  the  effluent  is  almost  inva- 
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riably  and  truly  alkaline,  but  in  the 
scheme  under  consideration,  a  consider- 
able portion  of  the  lime  is  used  up  in 
decomposing  the  salts  of  iron,  aluminum. 
&c,  in  the  chalybeate  water,  a  little 
doubtless  is  carried  down  with  the  pre- 
cipitate thus  produced,  without  entering 
into  any  combination  or  effecting  any  de- 
composition, the  remainder  attacks  the 
soaps,  fatty  acids,  and  free  carbonic  acid 
in  the  sewage,  throwing  out  of  solution 
also  an  equivalent  of  calcium  carbonate 
by  the  withdrawal  of  the  acid  gas  which 
had  held  it  in  solution.  Thus,  while  the 
permanent  hardness  is  increased,  the 
temporary  hardness  is  reduced,  the  total 
hardness  being  but  slightly  affected. 

Returning  to  the  organic  matter  in  the 
sewage  and  effluent,  as  measured  by  the 
free  and   organic   ammonia,  in   order  to 
ascertain    what     improvement     is     due 
merely  to  dilution,   and  what  to  the  ac-  j 
tion   of    precipitating   agents,    we    have  | 
only  to  know  the  relative  proportion  of 
iron-water  used  and  make  a  simple  calcu- 1 
lation.     During  the  week  for  which  the 
results   of  the   daily  examination  of  the 
sewage  have  been  recorded,  as  near  as  I ; 
can  ascertain,   the  volume  of  iron- water  j 
would  be  about    one-third   that   of   the  j 
sewage.     Correcting  for  this  dilution,  we  I 
find  the  organic  ammonia  reduced  from 
-29  to  .07,  and  the  free  ammonia  from  .94  ; 
to  .37  grains  per  gallon,  i.e.,  the  organic 
ammonia  is   reduced   to   less  than  one- 
fourth,  and   the   free   ammonia   to   one- 
third,    results    which,    considering     the 
character  of  the  sewage,  must  be  regard- 
ed  as  satisfactory.     With  a  sewage  ex- 
ceptionally strong  (for  Buxton),  the  de- 
crease is  very  much  more  maiked. 

Inevitably  from  the  relative  volumes  of 
the  sewage  and  water,  the  condition  of 
the  stream  into  which  the  precipitated 
sewage  flows  must  be  largely  influenced 
by  that  of  the  effluent.  The  improve- : 
ment  in  the  river  became  apparent  almost 
the  moment  the  works  were  put  into 
operation.  Immediately  before  the  sew- 
age was  turned  into  the  tanks,  a  sample 
(No.  1)  of  the  river  water  was  taken 
about  200  paces  below,  and  afterwards  a 
sample  (No.  2)  when  the  sewage  was  run- 
ning into  the  tanks  and  the  effluent  into 
the  river.  Upon  analysis  these  gave  the 
following  results : 


Geains  per  Gallon. 

Free  ammonia.    Organic  ammonia. 

No.  1 29 15 

No.  2 09 02 

Showing  that  the  improvement  was  most 
marked. 

Compared  with  the  action  of  solutions 
made  to  imitate  in  composition  this  natu- 
ral water,  it  is  invariably  found  that  the 
latter,  under  the  same  conditions  as  to 
agitation  and  quantity  of  lime  added, 
give  a  more  flocculent  precipitate,  sub- 
siding with  greater  rapidity,  and  yielding 
a  brighter  effluent  than  is  the  case  with 
the  artificial  water.  As  previously  stated, 
the  best  results  are  obtained  by  adding 
the  lime  to  the  chalybeate  water,  and 
immediately  pouring  the  mixture  into 
the  sewage,  with  due  agitation.  Fre- 
quently the  sewage  can  be  quickly  cleared 
in  this  way,  when  it  absolutely  refuses  to 
clear  if  the  lime  be  added  to  the  iron- 
water  and  sewage  previously  mixed.  The 
probable  explanation  of  this  somewhat 
singular  fact  appears  to  be,  that  the  ac- 
tion which  takes  place  during  purification 
is  not  only  chemical  but  mechanical. 
Upon  adding  the  lime  to  the  undiluted 
iron-water,  a  copious  flocculent  precipi- 
tate at  once  forms,  and  when  poured 
into  the  sewage,  these  hydrates  (and  car- 
bonates?) combine  with  certain  of  the  or- 
ganic constituents  of  the  sewage,  aggre- 
gate into  large  flocculse,  taking  up  at  the 
same  time  the  matters  which  are  suspend- 
ed, and  carrying  the  whole  to  the  bottom. 
When  the  lime  is  added  to  the  iron- 
water,  diluted  with  2—4  volumes  of  sew- 
age, the  precipitate  which  forms  is  only 
slightly  flocculent,  and  rarely  aggregates 
by  agitation  ;  hence  it  does  not  free  sew- 
age of  the  matters  suspended  in  it. 

Apparently,  also,  by  adding  the  lime 
to  the  iron-water  first,  a  smaller  quantity 
of  the  alkali  is  required  to  affect  the 
purification.  This  is  probably  due  to 
much  of  the  lime  entering  at  once  into 
combination  with  the  free  carbonic  acid 
of  the  sewage,  and  being  thus  rendered 
incapable  of  acting  upon  such  a  dilute 
solution  of  iron,  aluminum,  and  mag- 
nesium salts. 

5.  The  /Sludge. — Notwithstanding  that 
not  a  particle  of  insoluble  matter  is  used 
in  this  process,  the  amount  of  sludge 
produced  is  somewhat  considerable,  and 
unfortunately,  as  yet,  I  have  been  unable 
to  persuade  the  local  authorities  to  take 


76 


VAN  NOSTKAND'S   ENGINEEKING   MAGAZINE. 


any  steps  to  make  it  more  disposable. 
At  the  present  time  it  is  simply  pumped 
from  the  well  (by  the  chain-pump  worked 
by  a  water  wheel),  after  draining  from 
the  tanks  as  much  water  as  possible,  and 
carted  away  to  the  board's  farm.  The 
members  of  the  board  are  sanguine  that 
its  effect  as  a  manure  will  be  such,  that 
the  local  farmers  will  be  glad  to  fetch  it 
away  when  the  tanks  are  being  cleansed. 
If  such  is  the  case,  and  they  do  not  care 
to  try  and  make  it  into  a  salable  com- 
modity of  any  kind,  then,  so  far  as  they 
are  concerned,  the  sewage  problem  is 
solved.  It  is  suggested  that  the  "de- 
structor "  they  are  about  to  erect  to  burn 
the  town's  refuse  should  be  so  adapted 
as  to  dry,  and,  if  necessary,  burn  the 
sludge,  as  the  ash,  which  consists  of  lime 
and  ferric  oxide  chiefly,  can  probably  be 
utilized.  As  the  sludge  is  apparently  not 
nearly  so  slimy  as  that  produced  by  lime 
alone,  it  would  not  be  so  difficult  to  con- 
vert it  into  a  salable  .manure. 

As  nearly  as  can  be  ascertained,  the 
perfectly  dry  residue  from  1,000,000  gal- 
lons of  sewage  and  iron-water  will  be  25 
cwts.,  but  as  the  sludge,  as  lifted  by  the 
pump,  contains  at  least  75  per  cent,  of 
moisture,  five  tons  of  such  sludge 
would  be  deposited.  Taking  the  amount 
of  liquid  flowing  through  the  tanks  to 
average  600,000  gallons  per  day,  21  tons 
of  sludge  would  be  formed  weekly.  This, 
by  drying,  would  be  reduced  to  six  tons, 
and  by  incineration  to  about  three  tons. 

The  sludge  varies  somewhat  in  com- 
position, but  when  sufficiently  dry  to  be 
pulverulent,  its  average  composition  is  as 
under : 

Moisture 15 . 

Organic  matter 38 . 

Oxide  of  iron  and  alumina     14. 

Calcium  and  magnesium  carbonates  24 . 

Phosphoric  acid 1 . 

Other  mineral  matter 8 . 

100. 

The  nitrogen  present  corresponds  to  1.5  per 
cent,  of  ammonia. 

6.  Cost  of  Construction  and  Maintenance 
of  Works. — The  original  estimate  for  the 
construction  of  the  tanks,  erection  of 
three  workmen's  cottages,  conveying  the 
iron-water,  laying  of  tramway,  and  for 
machinery,  was  £3,000.  This,  however, 
is  likely  to  be  slightly  exceeded,  but  if 
the  cost   of    the   cottages   is  deducted, 


£3,000  will  more  than  cover  the  re- 
mainder. 

Very  little  labor  is  required  to  efficient- 
ly carry  on  the  works ;  one  man  being 
able  to  attend  to  the  lime,  machinery,  and 
the  emptying  of  the  cages  in  which  the 
larger  solids  are  collected.  When  the 
sludge  is  being  removed  from  the  tanks, 
a  little  additional  help  is  required.  The 
total  cost  per  annum  for  labor  may  be  put 
down  at  £75.  The  only  additional  ex- 
pense is  the  lime,  the  cost  of  which  will 
be  about  £80  yearly.  The  total  expense, 
therefore,  including  interest  on  capital,  is 
£275  per  annum,  made  up  as  follows : 

Interest  on  £3,000,  at  4  per  cent £120 

Labor 75 

Lime 80 

£275 

Taking  the  population  of  the  town  at 
7,000,  this  involves  an  annual  charge  per 
head  of  9^d.,  or  as  it  is  put  in  the  official 
statement  by  the  Board,  "  the  cost  of  the 
system,  including  the  erection  and  main- 
tenance of  the  works,  will  be  covered  by 
a  rate  of  lfd.  in  the  pound."  Put  in 
other  words,  each  million  gallons  of  sew- 
age treated  cost  the  ratepayers  £1  5s. 

Having  given  all  the  actual  details  of 
the  process  as  now  being  worked,  I  would 
again,  in  conclusion,  draw  some  attention 
to  the  fact  that  the  action  of  this  chal- 
ybeate water  differs  from  that  of  a  mere 
solution  of  sulphate  of  iron  and  alumina 
of  corresponding  strength  in  the  import- 
ant particulars,  that,  when  mixed  with 
lime  (in  due  proportion)  and  added  to 
sewage,  it  precipitates  the  suspended  and 
dissolved  organic  matter  (1)  more  rapidly 
and  (2)  more  completely,  removing  the 
whole  of  the  former  and  considerable 
portions  of  the  latter.  Moreover,  in  using 
alumina  and  iron  salts  for  sewage  purifi- 
cation, the  best  results  are  always  said  to 
be  obtained  if  the  sewage  is  dosed  with 
lime  before  these  salts  are  added;  where- 
as with  the  natural  water  such  is  not  the 
case,  the  maximum  efficiency  being  appar- 
ently secured  by  adding  the  lime  to  the 
iron- water,  and  then  mixing  with  the  sew- 
age. If  after  adding  the  lime  the  mix- 
ture be  allowed  to  stand  a  short  time  be- 
fore pouring  into  the  sewage,  its  efficacy 
is  impaired,  or  even  altogether  destroyed. 

In  the  natural  water,  it  must  be  remem- 
bered, we  have  not  only  ferrous  sulphate,, 
but  also  ferrous  carbonate,  and   there  is 
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considerable  probability  that  the  com- 
pound plays  a  more  important  part  in  the 
purification  of  water  by  iron  and  its  salts 
than  has  been  hitherto  suspected.  It  is 
well  known  that  the  mere  immersion  of 
metallic  iron  in  an  organically  polluted 
stream  tends  to  purify  it,  and  possibly 
this  may  be  explained  by  the  action  of 
carbonic  acid  on  the  metal,  and  of  the  re- 
sulting compound  on  the  organic  matter. 
A  series  of  experiments  bearing  on  this 
and  other  points  connected  with  the  sub-  j 
ject  are  now  being  conducted,  the  results  I 
of  which  cannot  be  without  interest,  and  | 
may  probably  be  of  considerable  import- 
ance. 

DISCUSSION. 

Mr.  Baldwin  Latham   said   there  was 
nothing  particularly  new  in  this  process, 
but  he  thought  it  was  a  mistake  to  mix 
the  lime-water  with  the  iron-water  before 
the  mixture  went  into  the  sewage.     At 
the  town  of  Horsham  the  water  supply 
cod  tain  ed  a  large  quantity  of  iron,  and  he 
found  that  the  whole  of  that  iron  could 
be  precipitated  by  the  addition  of  lime. 
It  appeared,  therefore,  to  him  that  mixing  j 
iron  with  the  lime  before  passing  it  into 
the    sewage    would    produce    an    inert 
compound ;    and   all    recent    experience 
showed  that  wherever  lime  was  used,  it 
should  be  added  before  other  chemical 
compounds,  especially  where  such  com- 
pounds were  of  an  acid  description.  Very  I 
great  improvements  had  taken  place  in  ■ 
many  sewage  works  by  simply  putting  in 
the  lime  first  before  the  sulphate  of  alum- 
ina, much  less  chemical  being  required, 
and  more  satisfactory  results  being  ob- 1 
tained.     Although  the  quantity  of  chemi- 
cals used  in  this  Buxton  experiment  was 
large,  the  expense  w^ould  be  considerable 
if   the  same  process  were  applied   to  a 
large  town,  and  they  had  to  purchase  chem- 
icals.    One  volume  of  this  material  was 
added  to  two  volumes  of  sewage.     This 
dilute  water,  containing  no  sewage,  and  j 
from  which  all  the  salts  were  precipitated,  j 
would  give  about  twenty-eight  grains  in  | 
the   effluent    without    any   chemical,   as ! 
against  twenty-six  produced  by  the  proc- 
ess ;  so  that   the  degree  of   purification 
due  to  absolute  admixture  was  very  great 
by  using  this  large  volume  of  water  from 
which  the  material  had  been  precipitated  j 
under  the  action  of  lime.     It  was  a  well- 
known  fact  that  if  you  could  always  com-  j 
mand  sufficient  water  to  mix  with  sewage,  I 


then  no  chemical  process  was  required, 
because  one  volume  of  sewage  to  four  of 
pure  water  would  give  an  effluent  purer 
on  the  average  than  the  best  results 
shown  by  irrigation,  which  was  acknowl- 
edged to  be  the  best  system.  The  tank 
space  employed  was  very  large  for  the 
volume  of  sewage  stated,  and  he  could 
not  understand  how  this  sewage  was  so 
strong  as  it  appeared  to  be,  unless  there 
was  some  large  amount  of  solid  matter  in 
the  water  supply.  If  both  these  tanks 
were  in  use,  they  would  contain  the  sew- 
age for  twenty-for  hours,  which  gave  a 
long  time  for  sedimentation  to  take  place. 
Iron  in  various  forms  had  been  used  re- 
peatedly, and  from  investigations  made 
some  years  ago  for  the  Commission  on 
Metropolitan  Sewage,  it  wras  shown  by 
Dr.  Frankland  that  of  all  the  salts  of  iron 
perchloride  was  the  best,  but  that  utterly 
failed  when  it  came  to  be  tried  over  a 
number  of  years.  At  Northampton  that 
process  had  been  adopted  in  conjunction 
with  lime,  but  the  river  became  so  foul 
that  it  had  to  be  abandoned,  and  the  sew- 
age applied  to  land.  In  fact,  the  iron 
had  been  almost  universally  abandoned, 
one  reason  being  that  sludge  containing 
a  large  amount  of  iron  was  supposed  not 
to  be  so  valuable  for  agricultural  pur- 
poses. The  paper  was  interesting  as  re- 
cording an  experiment;  but  he  feared 
when  the  parties  in  this  particular  neigh- 
borhood wanted  an  effluent  of  a  high 
standard  of  purity,  they  would  find  some 
other  method  would  have  to  be  adopted. 
He  should  like  to  know  what  means  were 
taken  for  regulating  the  chemicals  which 
passed  into  these  tanks,  as  he  understood 
they  were  left  to  work  by  themselves  at 
night,  when  probably  the  sewage  would 
be  less  in  quantity  and  more  diluted. 
But  as  the  strength  of  sewage  varied,  so 
should  the  amount  of  chemicals  vary,  and 
in  all  the  works  with  which  he  was  con- 
nected  where  chemicals  were  used  there 
was  an  automatic  arrangement  worked 
by  the  sewage  itself,  so  that  the  right 
volume  should  be  added.  Under  ordin- 
ary circumstances,  the  flow  of  sewage  at 
one  period  of  the  day  would  be  three 
times  as  much  as  the  average  flow,  so  that 
the  adjustment  of  the  amount  of  chemi- 
cals was  very  important.  He  thought  the 
large  number  of  divisions  in  the  tank  was 
probably  a  disadvantage,  as  it  would  be 
impossible  to  rectify  a  mistake.     If   too 
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little  chemicals  went  into  one  compart- 
ment it  might  be  nearly  filled  with  raw 
sewage,  which  would  ultimately  pass  out 
in  the  same  state.  But  if  there  were  no 
impediments  in  the  tank,  it  would  be  pos- 
sible by  large  admixture  to  greatly  modify 
the  ill-effects  due  to  bad  judgment. 

Prof.  Bischof  remarked  that  when  Dr. 
Frankland  made  his  experiments,  and 
found  that  perchloride  of  iron  was  the 
most  efficacious  in  purifying  impure  water, 
he  did  not  extend  his  experiments  to  the 
ferrous  carbonate  and  hydrate,  and  he 
believed  that  these  salts  were  the  most 
efficient  in  removing  organic  matter  from 
water.  If,  however,  these  were  used,  he 
quite  agreed  with  Mr.  Latham  that  you 
should  not  attempt  to  neutralize  the 
action  of  the  iron  by  first  adding  lime. 
He  had  tried  this  by  adding  soda,  and 
always  found  the  purifying  action  was 
considerably  decreased.  He  had  had  a 
rather  extensive  experience  in  connection 
with  purifying  water  with  iron.  Some 
time  ago  he  noticed  at  the  Antwerp  water- 
works that  after  the  water  had  passed 
through  the  spongy  iron  filter,  when  it 
entered  the  second  sand  filter — because 
with  potable  water  you  must  have  a  sec- 
ond filtration — peculiar  flakes  appeared 
in  it,  some  of  which  he  was  able  to  col- 
lect for  analysis;  they  were  about  the 
size  of  half-a-crown,  and  very  much  re- 
sembled dried  leaves.  After  drying  them 
at  a  temperature  of  120°  Centigrade,  he 
found  that  the  dried residuecontained  49 
per  cent,  of  peroxide  of  iron,  and  after 
that  was  dissolved  with  dilute  hydro- 
chloric acid,  what  remained  was  inciner- 
ated, and  scarcely  left  any  residue  what- 
ever. It  appeared  to  be  something  of  a 
silicious  nature,  but  it  was  impossible  to 
test  it  qualitatively.  This  was  an  instance 
in  which  an  insoluble  compound,  formed 
by  certain  organic  acids,  such  as  uric  acid 
and  hippuric  acid,  which  all  formed  in- 
soluble compounds,  with  ferrous  or  ferric 
salts  was  separated  almost  with  the  same 
definiteness  with  which  you  could  separ- 
ate a  crystal.  Beturning  to  the  paper,  it 
seemed  to  him  there  was  an  over-abundance 
of  iron  present,  because  in  very  impure 
water  he  had  found  two  milligrammes  per 
liter  of  ferrous  hydrate,  or  carbonate,  cal- 
culated as  ferric  peroxide,  were  sufficient 
to  effect  purification.  He  should  like  to 
have  seen  a  determination  of  the  am- 
monia in   the  ferruginous  water,  which 


was  very  essential,  to  show  the  purifica- 
tion effected  by  the  iron  and  lime.  He 
would  also  ask  whether  it  had  been  found 
that  the  sewage,  after  having  been  thus 
treated,  could  be  kept  for  a  length  of 
time  without  undergoing  decomposition. 
This  was  a  most  important  question,  the 
destructive  action  of  iron  on  microphytes. 
That  this  action  took  place  was  now  be- 
yond doubt.  This  had  been  shown  by 
him  in  various  papers,  and  the  late  Dr. 
Voelcker  stated  in  one  of  his  papers  that 
the  presence  of  a  proto-salt  of  iron  in 
the  soil  was  a  sure  sign  of  barrenness. 
These  organisms  in  sewage  were  mostly, 
at  any  rate,  plants,  and  probably  were 
acted  upon  in  the  same  way  as  the  higher 
plants.  This  view  had  been  confirmed  by 
Dr.  Griffiths,  who  found  that  by  manur- 
ing wheat  with  sulphate  of  iron  it  was 
freed  from  mildew,  but  he  also  found 
that  when  he  added  too  much  sulphate  of 
iron  he  destroyed  the  wheat  itself. 

Dr.  Percy  Frankland  wished  to  remark, 
in  reference  to  what  had  been  said  by  the 
last  speaker,  that  the  perchloride  of  iron, 
used  by  his  father  in  the  experiments 
made  for  the  Bivers  Pollution  Commis- 
sion, was  only  nominally  perchloride,  and 
that  on  analysis  it  was  found  to  consist 
principally  of  proto-chloride.  Therefore, 
on  the  addition  of  lime,  there  would  nec- 
essarily be  principally  ferrous  hydrate 
present,  and  he  presumed  purification 
would  take  place  by  means  of  that,  and 
only  to  a  less  extent  by  the  ferric  hydrate. 
With  regard  to  this  water  at  Buxton,  it 
was  obvious,  from  the  interesting  paper 
which  they  had  heard,  that  unless  there 
were  a  very  large  excess  of  this  purifying 
material  present,  it  would  be  exceedingly 
unsuited  for  the  purification  of  sewage, 
because  it  appeared  that  not  only  was  the 
volume  very  variable,  but  the  composi- 
tione  qually  so,  so  that  by  no  automatic 
device  could  it  be  arranged  that  the  re- 
agent should  be  duly  proportioned  to  the 
sewage.  This  mode  of  purification  by 
means  of  iron  was  a  very  old  one.  In 
fact,  the  composition  of  this  chalybeate 
water  appeared  to  be  the  inverse  of  that 
of  the  reagents  which  were  used  in  some 
other  sewage  works,  for  instance,  at 
Leyton,  where  the  alumina  added  corre- 
sponded to  the  quantity  of  iron  present 
in  this  water,  and  the  quantity  of 
alumina  here  corresponded  to  that  of 
iron  there.      The    proportions   used  at 
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Ley  ton  were  about  12  grains  of  lime,  2-J- 
proto-sulphate    of    iron,    and    10    grains 
alum  per  gallon  of  sewage.     Contrary  to 
the  practice  at  Buxton,  it  was  usual  there 
to  add  the  lime  in  the  first  instance,  and 
then  the  other  re-agents.    It  was  exceed 
ingly  remarkable  that  a  better  result  was 
not  obtained  when  the  mixture  between 
the  iron  and  the  lime  took  place  after  ad- 
mixture with  the  sewage.     It  was  obvi- 
ous  that    this  Buxton  sewage,  however, 
was  about  one-tenth  the  ordinary  strength. 
"With  regard  to  the  analysis  of  the  sewage 
before  and  after  purification,  he  should 
like  to    ask   Dr.  Thresh  whether   he  had 
taken  care  that  the  samples  of  the  effluent 
should  correspond  with  the  samples  of 
of  raw  sewage  examined,  because  the  al- 
bum enoid  ammonia  given  in   the  effluent 
appeared  to  be  very  constant,  and  not  to 
vary  with   the    time    of    collection ;  that 
collected  in  the  afternoon  containing  the 
same    quantity  as    that    collected  in  the 
morning.     It   was   a    pity   the   analyses 
were  not  more  complete.     There  were  no 
determinations    of    organic    carbon    and 
nitrogen,  which  would  have  rendered  the 
testing  of  the  process  far  more  conclu- 
sive.    Again,  it  would  have  been  desira- 
ble that    the   amount  of  chlorine   in  the 
raw  sewage  and  the  effluent  should   be 
determined,  because  it  was   only  by  tak- 
ing into  account  some  mineral  ingredient, 
which  could  not  be  removed  by  any  re- 
agent, that  one  could  be  at  all  sure  of  the 
relative    dilution    of    the  sewage   before 
and  after  treatment.  Dr.  Thresh  appeared 
to  lay  a  great  deal  of  stress  on  the  dis- 
appearance  of  ammonia  in  this  process, 
but  he  should  like  to  ask  him  what,  in 
his   opinion,  became   of  it.     He  did  not 
see   how  it  could  be   precipitated,  and  if 
not,    it    was  not   of    much   consequence 
what  became  of  it.     Probably  it  passed 
away   into   the    air ;    in   fact,   in   nearly  i 
all     these    precipitation     methods,     one 
found   a   considerable   reduction   in   the 
amount  of  free  ammonia;    whilst  if  the 
process   was    tested    in   the  laboratory, 
where  the  mixture  was  made  in  a  stop- 
pered   bottle,    the    ammonia     remained 
practically   constant.      For   instance,    in 
one    case  he   himself  had  found  sewage 
th-it  contained  5.5  grains  of  free  ammonia 
per  100.000  parts,  when  the  actual  effluent 
contained  only  1.75.    But  when  the  same 
process  was  tried  on  a  small  scale,  the 
ammonia   was    only  reduced   to   -1.75,  or  | 


scarcely  at  all.  At  any  rate  it  did  not  ap- 
pear to  pass  into  the  sludge,  as  the 
amount  of  nitrogen  found  there  was 
much  less  than  the  ammonia  which  had 
disappeared  would  yield.  It  was  very 
desirable  that  this  sludge  should  be  filter- 
pressed.  The  great  objection  to  all  these 
precipitation  works  was  the  accumulation 
of  sludge,  and  the  nuisance  occasioned 
when  it  was  air- dried,  but  this  was  almost 
entirely  abolished  if  it  were  filter-pressed. 
He  noticed  that  the  local  board  expected 
i  to  obtain  a  sale  for  the  ashes  of  this 
sludge,  which  consisted  principally  of 
oxide  of  iron  and  lime,  but  he  did  not 
think  these  materials  would  find  much 
|  sale  near  Buxton,  which  was  already  so 
abundantly  supplied  with  them. 

Mr.  Ekin  said  Dr.  Thresh  had  probably 

two  main  objects  in  view  in  this  paper; 

first,   to  point  out  to  local  boards  who 

,  were  fortunate  enough  to  have  a  chalybe- 

!  ate  spring  in   their  neighborhood  what 

,  could  be  done  with  it ;  and,  secondly,  to 

j  show  that  there  were  indications  here  of 

i  new  methods  of  water  purification  which 

were  very  promising.    With  regard  to  the 

j  use  of  chalybeate  springs  from  mines  for 

;  mixing  with  sewage,  he  had  experience 

j  some  years  at  Worseley,  in  Staffordshire, 

■  where  an  action  was  brought  by  the  rip- 

|  arian  owners  against  the  Local  Board  on 

account  of  an  enormous  amount  of  sewage 

being  poured  into  a  sluggish  stream ;  but 

there  was  no  difficulty  in  proving  that  a 

small  brook,  which  was  fed  from  a  mine 

near,  and  was  very  rich  in  iron,  completely 

:  destroyed  the  sewage  in  the  course  of  a 

:  very  short   run.     He  had  followed  Dr. 

Thresh's  experiments,  and  really  thought 

there  was  some  hopeful  indication  in  this 

:  particular  mixture  of  a  solution  of  the 

sewage  problem.   Certainly,  as  far  as  they 

knew,  nothing  had  ever   given   such  an 

|  absolutely  clear  effluent.     The  effluent  at 

,  Buxton  was  exactly  like  sparkling  spring 

water,  a  result  which  he  had   not  seen 

anywhere  else.     Mr.  Baldwin  Latham  had 

rather  objected  to  this  as  simply  an  iron 

process,  and  he  was   so  well  read  in  all 

matters  relating  to  sewage  that  he  (Mr. 

Ekin)  was  rather  surprised  to  find  that  he 

was  not  quite  up  to  date  in  objecting  to 

iron  for  making  the  sludge  useless ;  for 

some  remarkable  results  had  been  lately 

given  before  the  Chemical  Society,  which 

showed  that  in  certain  proportions  iron 

was  exceedingly  valuable  as  manure.    But 
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this  was  not  an  iron  process  alone ;  there 
were  aluminum,  magnesium,  calcium,  &c, 
and  some  experiments  of  his  own,  on  a 
small  scale,  with  a  similar  mixture  of  salts, 
seemed  promising.  Iron  salts  alone  cer- 
tainly would  not  give  anything  like  the 
same  results.  Dr.  Thresh  had  been  very 
candid  about  the  whole  matter,  having 
given  in  other  places  ample  details  of  his 
experiments.  He  had  worked  very  in- 
dustriously at  the  composition  of  this 
spring,  and  had  not  been  able  to  produce 
by  any  mixture  of  salts  what  this  chalyb- 
eate water  would  undoubtedly  do,  but 
he  hoped  he  would  still  persevere  until  he 
found  out  the  secret  of  this  particular 
combination,  whatever  it  might  be.  With 
regard  to  the  cost  of  the  ingredients,  he 
did  not  know  that  they  need  be  at  all  pro- 
hibitive. If  the  Metropolitan  Board  of 
Works  could  afford  to  deodorize  London 
sewage  with  potassium  permanganate,  he 
thought  he  could  promise  that  a  mixture 
of  this  kind  would  be  considerably  less 
expensive.  Of  course  the  old  difficulty  of 
the  sludge  cropped  up,  and  he  thought 
twenty-one  tons  per  week  for  such  a  small 
town  was  rather  large.  Filter-pressing 
might  be  very  useful,  but  that  certainly 
seemed  the  difficulty  with  all  sewage  op- 
erations. 

Mr.  Baldwin  Latham  said  that  at  Leyton 
the  iron  and  aluminum  process  had  been 
abandoned,  and  lime  and  black-ash  waste 
was  now  used,  which  had  certainly  the  re- 
markable property  of  preventing  the  sew- 
age effluent  undergoing  a  change. 

Mr.  Maxwell  Lyte  said,  as  regards  the 
cost  of  the  ingredients,  he  understood 
that  alumina  was  one  of  the  ingredients 
in  these  chalybeate  springs.  Hitherto,  in 
the  ABC  process  and  others,  alumina  had 
been  the  chief  precipitating  agent,  but  his 
father  had  taken  out  a  patent  for  the  use 
of  aluminate  of  soda  in  conjunction  with 
sulphate  of  alumina,  and  by  that  means 
was  able  to  effect  a  saving  in  the  precipi- 
tation of  alumina,  or  hydroxide  of  alum- 
ina, of  about  33  to  50  per  cent. 

The  chairman  said  anyone  who  had  had 
much  to  do  with  the  treatment  of  sewage 
would  know  that  there  were  a  great  many 
points  on  which  a  very  substantial  agree- 
ment existed,  whilst  there  were  other 
points  on  which  opinions  were  widely  op- 
posed. There  could  be  no  doubt  of  the 
accuracy  of  the  statement  made  by  Mr. 
Latham,    that    sewage    irrigation    when 


satisfactorily  carried  out,  did  produce  a 
purer  effluent  than  the  process  of  precipi- 
tation, also  supposed  to  be  well  carried 
out.  The  only  question  was,  whether  the 
process  of  precipitation,  in  certain  cases, 
effected  a  sufficient  amount  of  purification 
for  the  purpose ;  and  here,  again,  although 
there  were  diverse  opinions,  the  prepon- 
derence  of  opinion  was  that  the  process 
did,  in  many  cases,  effect  sufficient  puri- 
fication. With  regard  to  the  particular 
precipitant  to  be  employed,  he  did  not 
gather  that  Dr.  Thresh  recommended  that 
every  town  should  carry  out  expensive 
engineering  works  to  bring  chalybeate 
water  from  a  distance,  when  they  could 
get  their  chemicals  in  a  much  more  con- 
centrated form,  but  he  did  think  that 
great  praise  was  due  to  Dr.  Thresh  for 
having  taken  advantage  of  the  special 
opportunity  afforded  him  by  the  proxim- 
ity of  this  natural  water.  Of  course  there 
were  advantages  and  disadvantages  at- 
tending the  use  of  a  chalybeate  spring. 
One  advantage  was  that  it  could  be  ob- 
tained practically  for  nothing ;  but  on  the 
other  side  was  the  disadvantage  that  you 
had  to  deal  with  a  very  bulky  material, 
necessitating  increased  size  of  tanks,  and 
you  were  also  dealing  with  a  material 
somewhat  uncertain  in  quantity  and  com- 
position. On  which  side  the  ultimate  ad- 
vantage lay,  could  only  be  decided  by  ex- 
perience. It  would  seem,  on  the  face  of 
it,  that  this  water  containing  iron  in  the 
two  forms  of  sulphate  and  carbonate,  also 
appreciable  quantities  of  alumina,  and 
large  quantities  of  magnesia,  was  point- 
edly fitted  by  nature  for  this  particular 
purpose.  As  regards  the  order  in  which 
the  chemicals  were  mixed,  and  the  ob- 
servation of  Dr.  Thresh  with  regard  to 
the  effect  of  an  insufficient  or  extreme 
amount  of  agitation,  those  were  entirely 
practical  questions.  So  far  as  his  experi- 
ence had  gone,  it  accorded  with  Mr.  La- 
tham's, that  the  best  results  were  obtained 
by  the  addition  of  lime  first,  and  the  sub- 
sequent addition  of  alumina,  or  alumina 
mixed  with  iron ;  but  how  far  it  would 
necessarily  follow  that  a  similar  course 
would  be  best  where  the  iron  was  already 
dissolved  in  such  a  large  excess  of  water, 
was  an  altogether  different  matter.  He 
should  have  preferred  a  little  more 
information  on  one  or  two  points  with 
regard  to  the  nature  of  the  sewage, 
and   the   chemical    character   of   the   ef- 
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fluent ;  and  he  would  refer  more  par- 
ticularly to  the  removal  of  insoluble  or- 
ganic matter  by  the  process.  Substanti- 
ally the  whole  of  the  insoluble  matter  in 
sewage  was  capable  of  being  removed  by 
precipitation,  together  with  a  certain  pro- 
portion of  the  soluble.  Authorities  dif- 
fered whether  the  removal  of  the  soluble 
or  insoluble  matter  was  most  important. 
For  himself,  he  eutertained  the  opinion, 
which  was  rather  opposed  to  that  of  Dr. 
Frankland,  and  the  Eivers  Commission, 
that  the  removal  of  the  insoluble  matter 
was  the  most  important  of  the  two,  but 
this  was  an  open  question.  Still,  in  deal- 
ing with  precipitation  schemes,  it  was  to 
be  borne  in  mind  that  you  could  certainly 
effect  the  removal  of  substantially  all  the 
insoluble  organic  matter,  together  with  a 
certain  variable  proportion  of  the  soluble. 
There  was  a  great  deal  yet  to  be  learnt 
with  regard  to  the  best  mode  of  dealing 
with  sewage ;  and  they  would  all  recognize 
that  Dr.  Thresh  had  made  an  important, 
ingenious,  and,  in  this  particular  case,  an 
exceedingly  successful  addition  to  their 
practical  knowledge  on  the  matter. 

Dr.  Thresh,  in  reply,  said  Mr.  Latham 
seemed  to  have  misunderstood  the  mo- 
tive he  had  in  making  this  communica- 
tion. He  claimed  no  originality,  but  the 
fact  was,  that  in  consequence  of  the 
opening  of  the  sewage  works  being  pub- 
lished, he  had  received  innumerable  let- 
ters asking  for  particulars  of  the  process 
and  in  some  cases  for  minute  details.  As 
it  was  impossible  for  him  to  reply  to  all 
these  letters,  some  of  his  friends  sug- 
gested that  the  best  thing  he  could  do 
was  to  read  a  paper  before  some  society, 
and  the  secretary  of  this  section  had 
kindly  fallen  in  with  that  idea.'  At  Bux- 
ton, certain  schemes  had  been  tried,  and 
having  been  requested  to  report  upon 
them,  and  having  condemned  some  of  i 
them,  he  was  asked  if  he  could  suggest 
something  better.  It  was  acknowledged  J 
that  this  iron  spring  was  a  nuisance,  as  it  j 
covered  the  bed  of  the  river  with  ochre,  i 
and  rendered  it  unsightly.  It  then  ap- 1 
peared  to  him  that  if  they  could  make 
one  nuisance  remedy  another,  it  would 
be  a  benefit  to  the  town.  Consequently, 
he  undertook  experiments,  and  found 
that  by  the  addition  of  a  little  lime  they 
could  cause  one  nuisance  to  remove  the 
other.  Irrigation,  of  course,  was  out  of 
the  question  at  Buxton,  as  there  was  no 
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land  there  with  a  depth  of  soil  exceeding 
I  six  inches.  It  was  suggested  that  they 
|  should  pump  the  sewage  a  little  distance 
!  out  of  the  town,  and  let  it  down  a  water 
I  swallow ;  but  no  one  could  say  that 
|  would  be  a  satisfactory  way  of  getting 
|  rid  of  it.  With  regard  to  the  effluent 
keeping  without  decomposition,  some 
small  fish  had  been  kept  in  a  tank,  in  a 
mixture  of  effluent  with  two  volumes  of 
river  water,  and  after  lapse  of  some 
weeks,  they  appeared  quite  healthy,  and 
there  was  no  perceptible  smell  from  the 
water.  It  might  be  a  mistake  to  mix 
iron-water  with  the  lime  first  in  the  case 
of  artificial  mixtures  of  iron  and  alumina; 
but  in  this  case,  there  could  be  no  doubt  of 
the  result  of  his  experiments.  He  did 
not  know  that  he  had  hit  on  the  right 
reason  for  it,  but  there  was  no  question 
that  when  the  lime  was  added  first  it 
did  precipitate  more  rapidly.  If  you  let 
mixtures  prepared  in  both  these  ways 
stand  for  a  few  hours,  and  then  examine 
the  effluents,  there  is  no  difference  with, 
regard  to  purity,  but  when  the  lime  was 
added  first,  the  precipitation  took  place 
more  rapidly.  If  you  made  a  solution  of 
sulphate  of  iron,  and  made  the  same  ex- 
periments, you  did  not  get  the  same  re- 
sult. With  regard  to  chlorine,  he  had 
made  a  number  of  determinations,  but 
did  not  think  them  sufficiently  interest- 
ing to  record.  Tbere  was  here  a  natural 
water  which  acted  in  some  way  which 
could  not  be  quite  explained,  but  that 
did  not  alter  the  fact  that  it  did  so  act, 
and  he  thought  it  quite  possible  that 
the  mode  of  mixing  he  suggested  was 
really  better  than  adding  lime  first  to  the 
sewage. 

Dr.  Bischof  asked  if  the  effluent  was 
always  free  from  iron. 

Dr.  Thresh  said  not  invariably.  The 
process  was  allowed  to  go  on  day  and 
night,  and  sometimes  the  lime  did  not 
drop  through  the  hopper,  and  then  next 
day  you  might  find  a  little  iron  in  the 
effluent,  but  it  did  not  exceed  a  very  mi- 
nute trace,  and  no  notice  was  taken  of  it. 
A  small  trace  like  that  would  not  materi- 
ally affect  the  purity  of  the  river. 
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American  Society  of  Civil  Engineers- 
Annual  Convention  of  1885.— The  an- 
nual convention  of  this  Society  for  the  year 
1885  will  be  held  at  Deer  Park,  Md. ,  on  the 
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line  of  the  Baltimore  &  Ohio  Railroad,  June 
24th,  25th,  26th  and  27th,  1885.  Sessions  for 
professional  discussion,  and  one  for  the  trans- 
action of  business,  will  be  held. 

All  members  who  can  do  so  are  invited  to 
arrive  at  Baltimore  on  Monday,  June  22d,  and 
take  part  in  the  excursion  named  below. 

The  sessions  will  be  held  during  Wednesday, 
Thursday,  Friday  and  Saturday,  except  that  on 
one  of  those  days,  to  be  specially  announced 
hereafter,  an  excursion  will  be  made  by  invita- 
tion of  the  B.  &  O.  R .  R  to  the  Cheat  River 
Grade,  Kingwood  Tunnel,  Tray  Run  Viaduct, 
and  other  interesting  points  on  the  Mountain 
Division  of  the  Road. 

Engineers'  Club  of  Philadelphia — Regu- 
lar Meeting,  May  16th.— Mr.  Kenneth 
Allan  exhibited  and  described  an  improved  pro- 
tractor, designed  by  Mr.  John  R.  Freeman, 
Member  A.  S.  C.  E.,  Lawrence,  Mass.,  and 
made  by  Messrs.  Darling,  Brown  &  Sharpe, 
Providence,  R.  I.,  with  special  regard  to  accu- 
racy and  finish.  It  consisted  of  a  plate  6"  X12", 
bearing  an  11"  semicircle  graduated  to  20  min. 
The  vernier,  reading  to  minutes,  is  carried  on 
an  arm,  through  the  center,  to  which  may  be 
accurately  attached  different  arms,  20"  long, 
graduated    to    mm.,  ^^    ft.,  ^  in.,  ^  in., 

iobiQ-and5^Toin- 

The  error  from  eccentricity  of  center  is  de- 
termined within  \  min.  The  total  error  at  any 
part  of  arc  is  believed  to  be  less  than  ^  min. 
In  use,  100  angles  are  easily  plotted  in  an  hour, 
and  in  a  year's  work  its  price — $130 — is  esti- 
mated to  have  been  saved.  The  whole  is  of 
nickel-plated  steel. 

Mr.  Dana  C.  Barber,  Assistant  Engineer  of 
the  Philadelphia  Water  Department,  in  charge 
of  Sanitary  Surveys  and  Investigation  of  River 
Pollution,  presented  an  account  of  the  pollu- 
tion of  the  Upper  Schuylkill,  being  a  brief 
resume  of  some  of  the  more  notable  and  pecu- 
liar features,  viz.,  the  acid  pollution  from  the 
coal  mines,  the  cesspool  drainage  of  Reading, 
the  Pottstown  water  supply,  the  winter  dis- 
turbances in  the  quality  at  Phoenixville,  the 
drainage  of  State  Insane  Asylum  at  Norris- 
town,  etc. 

The  sulphuric  acid  from  the  mines  about 
Pottsville  has  been  decreasing  since  1868,  on 
account  of  the  transfer  of  mining  operations 
to  the  other  side  of  the  mountain,  draining  into 
the  Susquehanna,  and  now  amounts  to  but  one- 
third  of  its  former  quantity.  The  most  now 
comes  from  the  region  about  Tamaqua.  But 
few  fish  live  in  the  river  above  Reading,  and 
the  water  is  unfit  for  use  in  boilers.  At  Read- 
ing the  acid  is  neutralized  by  lime-water  from 
Tulpohocken  Creek,  sulphate  of  lime  being 
formed  and  deposited.  The  water  just  below 
Reading  would  be  very  pure  but  for  the  foul 
drainage  from  that  city — the  greatest  source  of 
pollution  in  the  valley.  The  most  peculiar 
feature  there  was  the  underground  strata  of 
cavernous  limestone,  into  which  nearly  half  the 
cesspools  and  privy  wells  are  dug,  and  thus 
drained  of  liquid  waste  by  natural  subterranean 
channels  to  the  river. 

At  Pottstown,  eighteen  miles  below  the  enor- 


mous pollution  from  Reading,  the  water  supply 
was  found  to  be  drawn  from  the  river,  and  that, 
too,  at  the  lower  end  of  the  town,  below  the 
discharge  of  much  domestic  sewage  from  the 
town  itself.  The  local  physicians  have  pro- 
tested against  this  practice  in  vain. 

The  water  supply  of  Phoenixville,  drawn  from 
the  Schuylkill  above  the  town,  was  ordinarily 
very  good,  but  at  times  in  winter,  when  the 
river  was  frozen  over,  became  very  bad.  The 
author  had  discovered  the  cause  of  this  to  be 
due  to  the  peculiar  course  of  the  channel  and 
formation  of  the  river  bed  just  above  the  pump- 
ing station,  which  caused  a  deep  ice  jam  that 
arrested  the  coarser  organic  impurities  and  sent 
them  into  the  reservoir. 

The  pollution  from  Norristown  was  very  se- 
rious, especially  that  from  the  State  Insane  Asy- 
lum near  the  town.  No  attempt  to  purify  any 
kind  of  liquid  waste  before  discharging  it  into 
Stony  Creek  had  been  made,  except  the  water- 
closet  sewage  (60,000  gallons  per  day,  from 
1,200  people),  which  had,  for  two  years,  been 
treated  as  follows  :  The  sewage  was  first  settled 
in  receiving  basins,  and  afterwards  filtered — 
first  through  blocks  made  of  copperas,  plaster 
of  Paris  and  purifying  lime  of  gas  works,  and 
then  through  finely-pulverized  blast  furnace 
slag.  By  an  ingenious  arrangement  the  filters 
were  cleaned  by  perforated  water  pipes  passing 
through  the  bottom,  flushing  the  accumulations 
back  into  the  settling  tanks,  from  which  the 
sludge  was  pumped  by  a  steam  ejector,  and 
run  by  gravity  to  a  distant  part  of  the  farm. 
This  arrangement  worked.well,  but  on  account 
of  the  nuisance  from  the  unpurified  sewage,  it 
had  been  decided  to  dispose  of  the  whole  by 
sub-surface  irrigation. 

President  de  Kinder  read,  from  a  clipping  of 
the  Public  Ledger,  of  recent  date,  the  following 
expression  used  at  a  meeting  lately  held  by 
the  Homoeopathic  Society  of  this  city :  "In 
quality,  we  have  a  fluid  from  which  a  dumb 
brute  may  well  turn  in  disgust."  Mr.  de  Kind- 
er said  that  he  was  bitterly  opposed  to  the  pol- 
lution of  our  drinking  water,  that  he  was 
against  the  admission  of  sewage  and  other  dele- 
terious matter  into  the  river, ;  that  the  inter- 
cepting sewer  should  be  finished  without  delay, 
and  that  the  great  need  for  improvement  of  the 
distribution  system  and  of  large  storage  basins 
should  be  attended  to  at  any  cost.  He  also 
said  that  the  idea  of  any  sewage  matter  being 
allowed  to  mix  with  our  water  supply  was  very 
disagreeable,,  and  he  would  be  opposed  to  it 
from  a  point  of  cleanliness,  even  if  it  .had  no 
effect  upon  the  wholesomeness  of  the  water. 

But,  while  not  wishing  to  defend,  in  any 
sense,  either  the  pollution  of  the  river  or  any 
delay  in  making  the  needed  improvements,  he 
must  protest  against  such  extravagant  language 
as  had  been  used  by  this  Medical  Society. 
There  was  abundant  proof  to  show  that  impure 
water  was  not,  of  necessity,  unwholesome,  and 
eminent  authorities  were  quoted  to  prove  this. 

He  further  stated  that  chemical  analysis  of 
water  was  not  infallible,  and  that,  at  any  rate, 
the  chemist  could  only  state  the  results  of  his 
analysis.  The  Sanitary  Engineer  was  the 
proper  authority  to  draw  the  conclusions  and 
to  sit  in  judgment  upon  the  question  of  the 
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wholesomeness  or  unwholesomeness  of  the 
water  supply,  for  he  could  judge  as  to  what  the 
effects  were  in  other  places  where  water  of  a 
similar  quality  was  in  use. 

Although  heartily  in  favor  of  an  improved 
supply,  he  must  yet  contend  that  the  death  rate 
of  our  own  city  showed  that  things  were  not 
so  fearfully  black  as  these  gentlemen  of  the 
Homoeopathic  Society  would  have  it.  They 
had  a  perfect  right  to  think  as  they  pleased,  but 
they  should  exercise  caution  before  unnecessar- 
ily alarming  the  community.  If  the  water  were 
as  vile  as  they  would  have  it,  why  had  he  or 
his  family  never  been  warned  by  any  medical 
authority  against  the  use  of  it,  notwithstanding 
several  members  thereof  had  been  under  medi- 
cal treatment  almost  continuously  within  the 
past  three  or  four  years  ? 

Few  doubted  that  running  water  would  puri- 
fy itself.  Exactly  what  effect  the  run  between 
Manayuck  or  the  Falls  and  his  own  residence 
had  upon  the  quality  of  the  water,  he  could  not 
say,  but,  at  any  rate,  he  himself  and  thousands 
of  others  drank  it,  if  not  with  an  absolute  rel- 
ish, at  least  without  feeling  any  evil  effects 
therefrom. 

PROCEEDINGS  OF  THE  ENGINEERS'  CLUB  OF 
St.  Louis— May  13. — The  committee  to 
consider  the  status  of  Civil  engineers  in  the 
employ  of  the  United  States,  made  the  follow- 
ing report : 

Engineers'  Club  of  St.  Louis  : 

Gentlemen — Your  committee  to  consider 
the  status  of  Civil  Engineers  in  the  employ  of 
the  United  States  respectfully  reports  : 

That  we  find  the  question  of  the  relation  of 
Civil  Engineers  to  the  public  works  undertaken 
by  the  general  Government  was  one  of  consid- 
erable prominence  in  the  debates  in  Congress, 
during  the  late  session  of  that  body,  and  is  now 
in  the  public  press.  Also,  that  there  is  a  general 
impression  that  the  time  has  come  for  an  in- 
crease in  the  numbers  of  the  corps  of  engineers 
sufficient  to  enable  them  to  conduct  the  works 
under  the  present  organization  without  employ- 
ing civilians,  or  for  a  reorganization  of  that 
branch  of  the  public  service,  by  which  it  shall 
be  made  a  distinctively  civil  service. 

Your  committee  is  decidedly  of  the  opinion 
that  the  best  interests  of  the  military  service, 
as  well  as  those  of  the  civil  engineering  profes- 
sion and  of  the  country  as  interested  in  both 
these,  demand  that  the  latter  alternative  be  the 
one  pursued. 

Your  committee  regrets  to  see  the  discussion 
of  the  subject  in  the  public  press  turning  aside 
from  the  broad  question  of  creating  an  organ- 
ization for  the  conduct  of  public  works,  which 
shall  be  equitable  and  just  in  distribution  of 
rewards  for  merit,  in  promotion  to  higher  rank 
and  pay  ;  which  shall  recognize  the  change  in 
the  condition  of  the  engineering  profession, 
both  military  and  civil,  since  the  days  when 
both  had  to  be  imported  from  Europe,  and 
which  shall  allow  its  engineers  to  come  by  ju- 
dicious selection  the  same  as  judges  are  se- 
lected, from  the  ranks  of  a  profession,  and  not 
from  the  roll  of  a  single  school. 

To  this  question,  personal  matters,  past  pres- 
ent or  future,  the  value  of  different  schools  and 


mode  of  training,  or  the  honesty  and  truthful- 
ness inculcated  through  certain  associations, 
are  alike  foreign. 

There  seems,  therefore  to  be  need  for  a  con- 
servative influence,  lest  the  utterances  of  indi- 
viduals be  taken  as  expressing  the  views  and 
wishes  of  the  engineering  profession,  and  lest 
a  discussion  of  a  pure  question  of  public  policy 
degenerate  into  a  controversy  about  matters  of 
no  consequence. 

Other  clubs  than  our  own  have  taken  up  the 
consideration  of  the  matter,  and  have  appoint- 
ed committees.  It  has  been  suggested  that  these 
committees  act  together,  if  possible,  through 
correspondence  and  conference  by  representa- 
tions, if  practicable,  with  a  view  to  a  joint  me- 
morial to  express  to  Congress  our  view  of  the 
matter,  and  a  draft  of  the  legislation  required 
to  carry  that  view  into  practical  effect. 

Your  committee,  therefore,  asks  to  be  con- 
tinued, and  for  authority  to  confer  with  the 
representatives  of  other  engineer  societies,  clubs 
or  associations,  with  a  view  to  ^concert  of  ac- 
tion, but  without  power  to  pledge  this  club  to 
anything .  — Respectfully, 

Robert  E.  MoMath, 
J.  B.  Johnson, 
H.  S.  Pritchett, 

J.  A.  OOKERSON, 

Committee. 

By  vote  of  the  club  the  committee  was  con- 
tinued, and  the  authority  asked  was  granted. 

Mr.  Frank  H.  Pond  read  a  paper  on  "  Pump- 
ing Machinery  and  Waterworks."  He  reviewed 
the  methods  of  procuring  water,  from  the  days 
of  running  streams  and  wells,  which  developed 
into  the  grand  aqueducts  of  Rome  to  the  use 
of  water-pipes  for  introducing  water  into  dwell- 
ings, first  employed  in  London  in  1582.  Cast 
iron  came  into  use  for  making  water-pipes  in 
1810.  The  oldest  waterworks  in  the  country 
are  supposed  to  be  those  built  at  Bethlehem. 
Pa.,  in  1754.  Now,  in  1885,  there  are  1,040 
water  works  in  the  country,  of  which  355  are 
supplied  by  gravity,  649  by  pumping,  and  36 
by  unknown  methods.  Then  followed  an  ex- 
tensive treatise,  illustrated  by  tables,  in  which 
the  conditions,  works  and  requirements  of  the 
modern  pump  were  thoroughly  explained.  The 
main  points  treated  of  were  the  pump  employ- 
ing crank  motion  and  heavy  fly-wheel,  and  the 
duplex  pumping  engine. 

The  paper  was  discussed  by  Messrs.  Moore, 
Johnson,  McMath  and  Seddon. 


ENGINEERING    NOTES. 

Honingmann's  Fireless  Locomotive. — We 
have  already  published  several  notices  of 
Mr.  Honigmann's  invention,  and  we  may  there- 
fore assume  that  our  readers  are  acquainted 
with  the  chief  features  of  the  "  soda  engine." 
It  is  generally  supposed  that  Honigmann  was 
the  first  to  make  practical  use  of  the  "regener- 
ative "  properties  of  a  solution  of  caustic  soda, 
potash,  or  common  salt.  This,  however,  is  er- 
roneous. Similar  trials  were  made  many  years 
ago  in  England  by  Mr.  Loftus  Perkins,  while 
the  essential  features  of  Honigmann's  engine 
were  laid  before  the  public  by  Mr.  Spence  in 
1874.     If  our  readers  will  refer  to  Vol.  xvii.  of 
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Engineering,  they  will  find  on  page  124  a  para- 
graph entitled  "The  Utilization  of  Waste 
Steam,"  where  the  essential  features  of  Honig- 
mann's  engine  are  described.  At  the  time  re- 
ferred to  (January,  1874),  Mr.  Spence,  Jun., 
proposed  to  pass  the  exhaust  steam  of  a  high- 
pressure  engine  into  a  solution  of  caustic  soda, 
which,  according  to  his  calculations,  would 
thus  be  heated  to  375  deg.  This  heated  solu- 
tion was  then  to  be  circulated  through  pipes  in 
an  ordinary  boiler,  where  it  would  serve  to 
raise  fresh  steam  without  the  use  of  fuel.  As 
the  solution  of  soda  became  diluted  by  the 
steam  condensed  in  it,  it  would  lose  its  heat-re- 
storing capacity,  and  must  be  regenerated  by 
concentrating  it  in  another  boiler  of  ordinary 
construction.  This  paragraph  elicited  a  letter 
from  Mr.  Lof tus  Perkins  which  we  published  on 
page  141  of  the  same  volume  (xvii.).  Mr.  Per- 
kins says  there:  "I  then  (in  1864  or  1865) 
constructed  a  four  horse-power  engine,  worked 
by  a  boiler  immersed  in  a  bath  of  chloride  of 
calcium,  the  exhaust  steam  being  condensed  in 
the  salt  and  all  the  waste  heat  from  the  engine 
being  entirely  absorbed,  thus  making  a  perfect 
heat-engine.  Succeeding  so  far  the  difficulty 
arose  how  to  get  rid  of  the  water  absorbed  by 
the  salt ;  this  could  only  be  done  by  distilla- 
tion, and  even  if  quintuple  distillation  is  used, 
the  coal  consumed  could  not  be  less  than  1^  lb. 
per  horse-power  per  hour,  whilst  a  well-con- 
structed, high-pressure,  compound  condensing 
engine  used  less  than  1  lb."  It  is  therefore 
evident,  from  what  has  been  said,  that  Mr. 
Spence,  eleven  years  ago,  proposed  an  engine 
substantially  the  same  as  Honigmann's,  and 
that  even  prior  to  that,  viz.,  twenty  years  ago, 
Mr.  Perkins  had  actually  constructed  a  similar 
engine.  These  engines  were,  however,  sup- 
posed to  be  uneconomical,  and  thus  the  matter 
was  dropped,  to  be  taken  up  again  by  Mr. 
Honigmann,  who,  it  is  true,  has  not  succeeded 
yet  in  using  less  fuel  with  his  tireless  locomo- 
tive than  with  an  ordinary  engine,  but  who  has 
shown  that  the  advantages  derived  from  the 
total  absence  of  smoke  and  exhaust  steam  need 
not  be  accompanied  by  any  considerable  sacri- 
fice in  economy  of  fuel.  Thus,  though  Mr. 
Honigmann  is  by  no  means  the  first  inventor 
of  the  soda  engine,  he  is  undoubtedly  the  first 
who,  by  his  perseverance,  has  succeeded  in  in- 
troducing it  into  actual  practice. 

AERONAUTICAL  EXHIBITION  AT  THE  ALEXAN- 
DRA Palace. — The  executive  of  the  Inter- 
national Exhibition,  which  was  opened  on 
March  31  at  the  Alexandra  Palace,  and  which, 
we  trust,  many  of  our  readers  have  made  a 
point  of  visiting,  have  been  able  to  secure  the 
support  of  the  Aeronautical  Society  of  Great 
Britain  in  holding,  in  connection  with  the  In- 
ternational Exhibition,  an  Aeronautical  Exhibi- 
tion. The  organization  of  this  exhibition  has 
been  entrusted  to  Mr.  Fred.  W  Breary,  the 
honorary  secretary  of  the  society  for  nearly 
twenty  years,  and  who  has  been  appointed  com- 
missioner for  that  department.  It  "is  to  be 
opened  on  June  1,  and  the  exhibits  that  are  to 
be  admitted  will  consist  of  the  following  ob- 
jects: (1)  Models  of  designs  for  the  accom- 
plishment  of  aerial  navigation  by  mechanical 


means  only.  (2)  Models  of  designs  for  the  ac- 
complishment of  aerial  navigation  partly  by 
buoyancy  and  partly  by  mechanical  means. 
f3)  Models  constructed  to  elucidate  either  of 
the  two  last  objects  which  are  capable  of  flight 
and  carrying  their  own  motive  power.  (4)  Ma 
chines  constructed  upon  a  scale  calculated  to 
carry  a  weight  equal  to  that  of  a  man,  upon 
the  principles  advocated  by  the  inventors. 
(The  practicability  may  be  demonstrated  by 
the  flight  of  a  model  of  similar  character,  and 
of  weight-carrying  capacity  sufficient  to  enable 
a  judgment  to  be  formed  as  to  the  probable  ef- 
ficiency of  the  large  machine  when  actuated  by 
the  power  necessary  for  its  support  and  pro- 
pulsion, whether  by  manual  or  mechanical 
methods.)  (5)  Light  motors.  (It  may  be  ob- 
served that  light  motors  are  in  request  for  other 
purposes  than  aerial  navigation .  But  for  the 
latter  object  it  is  essential  that  extreme  light- 
ness shall  be  a  condition.  Therefore,  only  a 
motor  possessing  that  qualification  in  propor- 
tion to  its  power  with  the  smallest  consumption 
of  fuel  in  the  case  of  steam  or  other  adjuncts, 
and  capable  of  working  up  to  one  horse-power, 
at  the  least,  for  twenty  minutes,  will  be  deemed 
deserving  of  the  prize.)  (6)  Balloons,  navi- 
gable or  otherwise.  (7)  Balloon  material  and 
appliances  for  propulson  or  otherwise.  (8) 
Kites  or  other  aerial  appliances  of  that  charac- 
ter, for  saving  life  at  sea,  for  traction  or  other- 
wise. (9)  Objects  of  interest  connected  with 
aeronautics. 

The  amount  of  the  prizes  to  be  given  to  suc- 
cessful exhibitors  is  to  depend  upon  the  success 
which  attends  the  appeal  to  the  members  and 
friends  of  the  Aeronautical  Society.  Further 
particulars  will  be  furnished  to  intending  ex- 
hibitors (who  shall  have  applied  for  space)  at  a 
later  date.  An  interesting  feature  of  the  exhi- 
bition will  be,  that  advantage  is  to  be  taken  of 
the  large  outdoor  space  available  to  invite  the 
competition  of  amateur  and  professional  aero- 
nauts, so  that  the  disputed  question  of  aerial 
locomotion  by  the  aid  of  buoyancy  may  be 
conclusively  tested.  Any  form  and  any  appli- 
ance is  admissible.  It  is  hoped  that  a  contest 
of  balloons  for  the  nearest  approach  to  a  given 
locality^may  be  arranged  upon  the  day  or  days 
appointed,  to  start  from  the  Alexandra  grounds. 
The  goal  is  to  be  determined  shortly  before  the 
time  of  ascent.  It  is  believed  that  upon  such 
an  occasion  there  would  be  unusual  oppoi  tu- 
nities  for  the  conveyance  of  paying  passengers. 
As  it  is  scarcely  expected  that  an  aeronaut  will 
claim  to  drive  his  balloon  against  a  wind  of 
greater  velocity  than  that  by  which  his  balloon 
can  be  propelled,  but  may  be  able  to  deflect  it 
considerably  from  the  wind's  course,  the  place 
of  ultimate  destination  will  be  determined  by 
the  set  of  the  wind  at  the  hour  appointed.  But 
if  the  more  ambitious  attempt  should  be  de- 
sired,, then  accordingly  the  goal  will  be  ar- 
ranged. By  preference,  a  cathedral  town  will 
be  named.  In  order  to  induce  aeronauts  of  any 
nationality  to  prepare  for  these  contests,  and, 
as  showing  that  Great  Britain  is  as  alive  to  the 
advantages  of  a  useful  system  of  aerial  locomo- 
tion as  any  other  country,  it  is  desired  to  give 
such  prizes  in  money  as  will  command  compe- 
tition.    In  order  to  make  the  exhibition  a  sue- 
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cess,  the  Aeronautical  Society  appeal  for  assist- 
ance in  furtherance  of  a  prize  fund.  Contribu- 
tions may  be  forwarded  to  Mr.  Breaiy,  who 
will  act  as  honorary  treasurer,  and  checks 
should  be  crossed  "London  and  County  Bank." 
On  this  occasion  it  should  be  mentioned  that 
the  honorary  secretary  of  the  society  has  issued 
a  short  pamphlet,  in  which  the  relations  of  the 
Aeronautical  Society  with  respect  to  aeronau- 
tics are  explained. 


of  the  cement  produced  by  this  method ;  the 
i  following  Table  of  comparative  tests  made  with 
!  samples  of  Portland  and  Ransome  cement  shows 
j  clearly  the  remarkable  qualities  possessed  by 
j  the  latter ;  the  samples  in  each  case  were  1£  in. 

square,   giving  a  sectional  area  of  2\  square 

inches. 


IRON  AND  STEEL  NOTES. 

Slag  Cement. — We  have  on  various  occasions 
referred  to  the  ingenious  and  very  successful 
processes  of  Mr.  Frederick  Ransome,  for  the 
manufacture  of  cement  from  blast  furnace  slag 
and  lime.  The  discovery,  made  about  twelve 
years  since  by  Mr.  Charles  Wood,  that  slag  run 
from  the  blast  furnace  in  a  melted  condition 
falls  into  a  fine  granulated  state,  removed  one  of 
the  main  objections  to  its  utilization — the  great 
cost  attending  its  reduction  to  powder  by  me- 
chanical means.  One  of  the  materials  compos- 
ing the  Ransome  cement  is  thus  obtained  ready 
for  use,  and  being  practically  a  waste  product, 
its  cost  is  nominal,  the  expense  attending  its  ap- 
plication being  limited  to  handling.  By  his 
earlier  method  the  other  material  employed — 
chalk  or  lime— was  ground  and  mixed  with  the 
slag,  the  combination  being  then  calcined,  and 
again  ground ;  from  this  resulted  a  cement  pos- 
sessing very  high  qualities  both  as  regards 
quickness  in  setting,  and  strength.  Very  re- 
cently, however,  Mr.  Ransome,  following  the 
same  line  of  investigation,  has  improved  greatly 
on  his  former  simple  process,  and  he  has  found 
that  the  spent  lime  from  gas  works  may  be  em- 
ployed with  results  as  good  as  those  obtained 
with  lime  prepared  specially  for  the  purpose. 
In  order,  however,  to  get  rid  of  the  sulphur  with 
which  the  lime  is  saturated  when  it  leaves  the  gas 
purifier,  Mr.  Ransome  resorts  to  a  very  simple 
and  efficacious  device.  He  mixes  a  certain  pro- 
portion of  powdered  coal  or  coke  with  the  slag 
and  lime,  and  when  this  is  exposed  to  the  heat 
of  the  calcining  furnace,  the  action  of  the  coal 
or  coke  converts  the  sulphate  into  a  sulphide  of 
lime,  that  is  subsequently  entirely  got  rid  of  by 
the  introduction  of  a  jet  of  steam  which  drives 
off  the  whole  of  the  sulphur  impurities  as  sul- 
phuretted hydrogen,  leaving  the  lime  quite  pure. 
This,  however,  is  only  one  of  the  recent  im- 
provements to  which  we  have  referred.  A  highly 
important  modification  is  the  use  of  a  revolving 
retort  for  the  calcination  of  the  slag  and  lime. 
It  is  found  that  after  the  materials  have  been 
thoroughly  burnt  in  this  manner,  they  remain  in 
the  same  fine  state  of  subdivision  as  when  they 
were  placed  in  the  retort,  and  on  being  dis- 
charged will  pass  through  a  sieve  of  80  meshes 
to  the  inch.  The  costly  process  of  grinding, 
which  is  unavoidable  in  the  ordinary  method  of 
manufacture,  is  thus  avoided,  while  the  cement 
is  said  to  lose  none  of  its  useful  characteristics 
in  this  novel  process.  Of  course  this  system  is 
equally  applicable  where  fresh  lime  is  employed, 
instead  of  the  waste  material  from  gas  works, 
only  in  such  case  it  is  unnecessary  to  add  the 
powdered  coke,  or  to  apply  the  steam  jet.  We 
have  referred  in  general  terms  to  the  strength 


Portland  Ce- 

Ransome Ce- 

Age of  sample. 

ment  Breaking 
Load. 

ment  Breaking 
Load. 

lbs. 

lbs. 

2  days. 

510 

740 

3      " 

698 

870 

7      " 

818 

1170 

12      '« 

— 

1300 

15      " 

— 

1330 

21      " 

— 

1440 

28      " 

936 

7  years. 

1327 

The  foregoing  figures  speak  for  themselves, 
and  indicate  clearly  that  the  Ransome  cement 
possesses  striking  advantages  over  Portland, 
especially  as  it  reaches  a  strength  within  a  few 
days,  which  is  higher  than  the  Portland  after 
seven  years.  Very  important  advantages  are 
also  found  in  the  simplicity  of  manufacture,  and 
the  suppression  of  the  final  process  of  the  ce- 
ment manufacturer,  that  of  grinding.  The 
plant  used  is  therefore  simpler  and  involves 
much  less  expense  in  maintenance  and  labor 
for  the  production  of  a  given  quantity  of  cement 
than  is  required  in  the  ordinary  mode  of  manu- 
facture. When  in  addition  to  this,  it  is  remem- 
bered that  waste  materials  are  employed,  it  will 
be  easily  understood  why  the  slag  cement  can 
be  made  for  half  the  cost  of  Portland,  and  the 
commercial  importance  of  Mr.  Ransome's  proc- 
ess will  be  readily  appreciated. 


RAILWAY  NOTES. 

Utilizing  Old  Steel  Rails. — Some  inter- 
esting experiments  have  been  made  re- 
cently by  Mr.  Robert  E.  Masters,  Columbus, 
Georgia,  in  melting  old  steel  rails  in  an  ordinary 
cupola  furnace  and  casting  therefrom  various 
useful  articles,  as  brake  shoes,  truck  wheels, 
&c.  Mr.  Masters  has  been  experimenting  with 
steel  scrap,  principally  agricultural  steel,  for 
some  time,  having  melted  some  60,000  lbs. 
The  melting  requires  a  longer  time  than  cast 
iron,  but,  when  once  started,  the  steel  is  stated 
to  come  down  very  hot  and  fluid,  although  it 
appears  to  cool  more  quickly  in  the  ladle  and 
gum  up  readily.  There  is  ample  time,  how- 
ever, to  make  large  castings.  The  charge  was 
1  lb.  of  coke  to  6|  lbs.  of  steel.  By  itself  the 
steel  runs  porous,  but  by  adding  one-sixth  of 
cast  iron,  a  very  solid,  close-grained  casting  is 
produced,  which,  Mr.  Masters  states,  is  stronger 
than  malleable  iron  for  small  castings,  and  is 
superior  to  cast  iron  for  many  purpose.  An 
experiment  has  also  been  made  in  melting  steel 
rails  at  the  rate  of  5  lbs.  of  metal  to  1  lb.  of 
fuel,  at  a  temperature  of  3,000°.  Some  very 
fine  castings  were  produced  that  way.     Mr. 
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Masters  appears  to  have  undertaken  a  most  im- 
portant experiment,  and  one  which  promises 
to  be  of  great  value  when  its  success  is  fully 
demonstrated,  and  methods  have  been  fully 
worked  out. 

The  Railway  Administration  at  Frankfort- 
on-the-Main  have,  according  to  the  Jour- 
nal of  the  Society  of  Arts,  recently  repeated 
some  experiments  on  the  lighting  of  trains  by 
electricity,  which  are  said  to  have  been  attend- 
ed by  most  satisfactory  results.  The  experi- 
mental train  was  composed  of  a  first,  second 
and  third  class  carriage,  and  a  luggage  van, 
which  contained  a  special  compartment  for  the 
dynamo  and  accumulators.  The  dynamo  was 
of  the  Moehring  type,  and  was  driven  from  the 
axle  of  the  wheels  of  the  van,  and  at  a  velocity 
of  700  revolutions  per  minute,  when  the  train 
was  running  at  a  speed  of  eighteen  to  forty-two 
miles  an  hour.  When  the  train  is  running  at 
full  speed,  the  lamps  remain  in  circuit  whilst 
the  accumulators  are  being  charged,  but  when 
the  speed  is  less  than  eighteen  miles  per  hour 
the  current  is  applied  direct  from  the  accumu- 
lators, a  specially  constructed  automatic  com- 
mutator regulating  its  intensity.  During  the 
day  the  lamps  are  thrown  out  of  circuit,  and 
the  twenty-six  accumulators  are  charged  by  the 
dynamo  when  the  train  is  in  motion.  This  in- 
stallation weighs  about  12  cwts.,  and  costs 
£125.  The  train  was  lighted  by  twelve  incan- 
descent lamps,  of  which  two  were  in  the  lug- 
gage van,  two  in  the  third-class  carriage,  four 
in  the  first,  and  the  remaining  four  in  the  sec- 
ond-class carriage.  The  cost  of  fitting  each 
carriage  varies  from  £3  4s.  to  £4.  These  experi- 
ments are  said  to  demonstrate  the  practicability 
of  lighting  trains  by  electricity,  the  light  being 
perfectly  steady  during  the  journey,  and  at  va- 
riable speed,  and  even  during  stoppages  at  sta- 
tions ;  only  at  starting  a  slight  oscillation  was 
perceptible.  As  all  is  regulated  automatically, 
no  attendant  is  required,  it  is  said,  except  at 
starting.  The  experiments  were  continued  for 
six  weeks,  at  the  end  of  which  time  everything 
was  found  in  perfect  order.  The  cost  of  light- 
ing is  estimated  at  ten  centimes  per  lamp  per 
hour. 

*<»+ 

ORDNANCE  AND  NAVAL. 

The  Brennan  Torpedo.— The  naval  authori- 
ties continue  to  make  experiments  with  the 
new  locomotive  torpedo  which  has  been  intro- 
duced by  Mr.  Brennan,  a  gentleman  from  Aus- 
tralia. This  favored  inventor  has  had  placed 
at  his  disposal  for  experimental  purposes  a  case- 
mate on  the  upper  tier  of  Garrison  Point  Fort 
at  Sheerness,  and  a  factory  has  been  erected 
outside  the  port  with  a  tramway  running  down 
to  the  beach.  With  these  resources  at  his  com- 
mand Mr.  Brennan  has  so  far  perfected  his  idea 
that  a  trial  of  the  apparatus  has  been  made 
which  has,  it  is  reported,  proved  so  convincing 
to  the  official  mind  that  a  sum  of  £10,000  "  on 
account "  has  been  paid  to  the  fortunate  anti- 
podean ;  this  being,  it  is  said,  but  a  tenth  part 
of  the  reward  the  inventor  will  receive  for  his 
ingenuity.  The  torpedo  is  ejected  from  the 
fort  by  means  of  a  steam  engine,  at  a  velocity 
estimated  at  50  miles  an  hour.    There  are  with- 


in the  machine  two  coils  of  wire  wound  on 
spindles  each  connected  with  the  shafting  of  a 
screw  propeller.  The  ends  of  these  wires  are 
made  fast  to  drums  on  the  steam  engine  within 
the  fort,  and  as  the  wires  are  unwound  from 
the  reels  in  the  torpedo  on  to  those  on  the  en- 
gine, the  screws  are  set  revolving  and  the  wea- 
pon propelled  forward.  The  steering  is  effect- 
ed by  hauling  harder  on  one  side  or  other  of  the 
wires  so  as  to  make  the  respective  screw  revolve 
faster.  Lights  screened  from  the  front  are 
placed  to  show  to  those  on  the  fort  the  position 
of  the  torpedo.  If  it  be  true  that  the  authori- 
ties have  been  led  into  such  surprising  liberality 
as  report  credits  them  with,  it  is  to  be  hoped 
they  are  attempting  to  beguile  other  nations 
equally  interested  in  torpedoes  with  the  story 
of  this  duplex  top-spinning  method  of  propul- 
sion, and  are  concealing  the  real  mechanism  of 
the  Brennan  torpedo,  the  merits  of  which  ought 
to  be  very  large,  if  the  department  values  them 
at  £100,000. 

The  New  Brazilian  Aemoe  -  Clad. — The 
Aquidabau,  which  has  recently  been  com- 
pleted by  Messrs.  Samuda  Brothers,  ran  a  very 
successful  series  of  trials  off  the  Maplin  last 
week.  This  vessel  is  of  the  same  general  de- 
scription as  the  Riachuelo,  full  particulars  of 
which  were  given  in  a  paper  read  by  the  late 
Mr.  Samuda  before  the  Institution  of  Naval 
Architects  last  year.  The  new  vessel  is  280  ft. 
long  and  52  ft.  wide,  the  displacement  being 
5,000  tons.  The  mean  draught  on  trial  was  18 
ft. ,  the  vessel  having  been  designed  not  to  draw 
much  water  as  she  is  required  for  service  in  the 
South  American  rivers.  The  hull  is  built  of 
Siemens  steel  and  sheathed  with  wood.  The 
ram  is  a  solid  gun-metal  casting  and  the  stern 
frame  is  of  the  same  material.  The  machinery 
is  protected  by  a  water-line  belt  of  steel-faced 
armor  11  inches  maximum  thickness  and  7  feet 
wide.  There  is  an  armored  deck  2  inches  thick, 
carried  fore  and  aft,  and  arranged  to  protect 
the  steering  gear  aft  and  also  to  strengthen  the 
ram.  The  armament  consists  of  four  9-inch 
20-ton,  breech-loading  guns,  placed  in  turrets 
protected  by  10-inch  armor.  On  the  upper  deck 
there  are  two  5f-inch  breech-loading  guns  at 
the  bow  and  two  similar  weapons  at  the  stern. 
There  are  fifteen  Nordenfelt  guns  and  five  ports 
for  the  discharge  of  torpedoes.  The  engines 
are  by  Messrs.  Humphreys,  Tennant&  Co.,  and 
are  of  the  three-cylinder,  compound  type.  The 
Aquidabau  was  tried  in  sea-going  trim  recently. 
With  natural  draft  the  indicated  horse-power 
was  5270  and  the  speed  15.257  knots.  With 
closed  stokeholes  and  fan  draught  the  power 
was  raised  to  6201  indicated  horse-power  and 
the  speed  15.818  knots.  In  the  forced  draught 
trial  only  six  of  the  total  number  of  eight  boil- 
ers were  used.  Two  runs  on  the  mile  were 
made  with  only  one  screw  working,  the  speed 
being  at  the  rate  of  11.447  knots,  15°  of  helm 
being  required  to  keep  the  ship  straight.  A 
half -circle  was  turned  against  the  screw  in  3£ 
minutes.  A  six-hours'  coal  trial  was  made. 
The  official  report  states  that  the  consumption 
was  at  the  rate  of  45  tons  a  day  when  the  ship 
was  steaming  at  her  contract  speed  of  14  knots. 
As  the  coal  bunkers  carry  800  tons,  the  Aquida- 
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hau  could  steam  over  seventeen  days  on  her 
"bunker  coal  and  cover  a  distance  of  about  5.700 
"knots. 
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By  John  D.  Philbrick,  LL.D.  Pamplet,  207 
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Planting  Trees  in  School  Grounds  and  the 
Celebration  of  Arbor  Day.  Pamplet,  64  pp. 
Washington  :  Government  Printing  Office. 
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neers.   Address  of  the  President,  Sir  Frederick 
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Bridge,     bv    Frederick     William     Marshant, 
A.MJ.C.E.     Steam  Tramways,  by  Hon.  Rich- 
aid  Clere  Parsons,  B.A.     The  Sydney  Tram-  j 
wavs,  by  Walter  Shellshear,  Assoc.  M.  Inst.  ! 
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Thunder  Storms  of  Mav,  1884:  Signal  Service 
Notes,  No.  20,  by  Prof.'  H.  A.  Hazen.     Pam-  j 
phlet,  8  pp.  and  2  charts.     Washington:  Sig- 
nal Office. 

FOEESTEY   HI    POLAND,     LITHUANIA    AND   THE 
Ukeaine.     Compiled  by  John  Ceoumble 
Beown,  LL.D.    London:  Simpkin  &  Marshall. 

In  preparing  this  book  the  writer  has  simply 
followed  the  plan  begun  some  years  since  of 
collecting,  arranging  and  publishing  the  best  j 
obtainable  information  relating  to  Forestry  of 
different  countries.  His  books,  therefore,  as  ! 
they  appear  in  succession  relate  to  regions  not 
described  in  the  previous  reports. 

The  subject  is  a  broad  one  and  comprehends 
not  only  the  propagation  and  preservation  of 
the  forest  trees,  but  The  history  of  the  laws  gov- 
erning such  preservation,  and  also  much  con- 
cerning the  physical  geography  of  the  region. 

The  present  work  "contains  much  that  is  in- 
teresting about  a  section  of  Europe  not  much 
traveled  by  the  tourist. 

Healthy  Foundations  foe  Houses.  By 
Glenn  Beown,  Architect.  Science  Series, 
No.  80.     New  York  :  D.  Van  Nostrand. 

Even  under  the  present  conditions  of  widely 
diffused  sanitaiy  knowledge  few  people  realize 
that  the  health  of  a  household  depends  rather 
more  upon  the  earth  directly  beneath  them  than 
upon  the  surface  conditions  surrounding  them. 
A  bad  smell  from  a  neighboring  factory  may  be 
vexatious  and  worthy  of  legal  restraint,  but 
still  quite  harmless  when  compared  with  a 
damp  cellar-bottom,  which  dispenses  disease 
germs  that  offend  directly  none  of  the  senses. 

The  work  is  divided  into  four  parts  :  I.  Natu- 
ral Foundations ;  II.  Drainage :  III.  Foundation 
Walls;  IV.  Miscellaneous. 

The  illustrations  are  numerous  and  excellent, 
and  the  instructions  regarding  building  or 
draining  are  to  an  eminent  degree  practical. 
Designers  or  occupants  of  suburban  residences 
should  be  familiar  with  the  principles  here  in- 
culcated. 


The  Figuee  of  the  Eaeth.  By  Feank  C. 
Robeets,  C.E.  Science  Series,  No.  79. 
New  York :  D.  Van  Nostrand. 

This  little  essay,  reprinted  from  Van  Nos- 
trand's  Engineering  Magazine,  where  it  ap- 
peared as  an  original  contribution,  is  chiefly 
of  interest  to  students  of  physical  and  mathe- 
matical science. 

The  object  of  the  author  has  been  to  arrange 
in  compact  form  the  important  mathematical 
principles  for  the  deduction  of  the  Figure  of 
the  Earth  upon  the  spheroidal  hypothesis.  This 
is  an  important  service  rendered  to  the  student, 
as  most  of  the  literature  upon  this  subject  is 
burdened  with  voluminous  mathematical  dis- 
cussions of  collateral  subjects. 

The  subject  is  presented  in  two  distinct 
parts  :  I. ,  Historical.  II. ,  The  Oblate  Spher- 
oidal Hypothesis. 

The  first  part  or  section  may  be  read  with 
profit  by  any  student  of  Physical  Geography. 
The  second  section  supposes  a  moderate 
amount  of  mathematical  knowledge  in  the 
reader,  but  still  much  less  than  is  generally 
called  for  by  previous  writers. 

A  Text-Book  on  the  Mechanics  of  Mate- 
BIALS,     AND     OF     BEAMS,     COLUMNS      AND 

Shafts.  By  Mansfield  Meeeiman.  New  York: 
John  Wiley  &  Sons. 

This  work  differs  from  other  good  works  of 
its  class  in  presenting  just  what  is  comprehend- 
ed in  the  above  title  and  in  omitting  the  tables 
of  results,  which,  although  valuable  to  the 
working  engineer,  are  an  encumbrance  in  a 
text-book  and  present  a  forbidding  look  to  the 
learner. 

This  book  presents  the  following  topics  in 
order,  in  chapters  : 

I.  The  Resistance  and  Elasticity  of  Material. 

II.  Pipes,  Cj^linders  and  Riveted  Joints. 

III.  Cantilevers  and  Simple  Beams. 

IV.  Restrained  Beams  and  Continuous  Beams. 
V.  The  Compression  of  Columns. 

VI.  Torsion    and    Shafts    for    Transmitting 

Power. 

VII.  Combined  Stresses. 
VIII.  Appendix  and  Tables. 

To  fully  fit  the  treatise  for  instruction  pur- 
poses, Prof.  Merriman  has  added  problems  to 
each  section. 

The  illustrations  are  exceedingly  well  de- 
signed to  illustrate  each  separate  topic. 

The  well-earned  reputation  of  the  author, 
both  as  writer  and  instructor,  renders  any  com- 
ment on  the  quality  of  the  work  superfluous. 
The  investigations  presented  here  belong  to  a 
field  of  labor  in  which  the  author  is  entirely  at 
home,  and  in  which  he  may  be  regarded  as  an 
authority. 

Gas  Engines.  By  William  Maogeegoe. 
New  York:  D.  Van  Nostrand. 

The  use  of  the  gas  engine  is  rapidly  extend- 
ing. With  the  introduction  of  electric  lighting 
it  received  a  new  impetus. 

Wherever  in  our  large  cities  a  motor  is  re- 
quired for  a  temporary  service  at  more  or  less 
irregular  intervals,  and  where  convenience  is 
valued  more  than  economic  efficiency,  there  the 
gas  engine  finds  favor.  The  question  regarding 
the  principles  of  action  of  this  or  that  popular 
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gas  motor  are  much  more  frequently  asked 
than  answered. 

The  book  before  us  is  designed  to  answer 
queries  that  are  daily  asked  about  engines 
which  are  constantly  being  set  up  in  connection 
with  dynamic  electrical  circuits. 

The  treatise  deals  first  with  the  historical 
phase  of  the  subject  and  describes  some  of  the 
forms  from  which  it  may  be  concluded  the 
present  forms  have  been  directly  evolved. 

Part  I.  deals  with  engines  working  without 
compression,  and  includes  descriptions  of  the 
Lenoir,  Hugon,  Bischopp,  Andrews  and  Som- 
bart  engines,  illustrated  with  an  abundance  of 
diagrams. 

Part  II.  explains  the  construction  and  action 
of  gas  engines  working  with  compression,  and 
is  divided  into  two  chapters ;  one  devoted  to 
that  class  of  engine  in  which  the  whole  of  the 
four  periods  of  the  cycle  are  performed  in  the 
motor  cylinder;  and  the  other  to  that  class  in 
which  part  of  the  cycle  is  performed  in  a  pump 
or  separate  cylinder.  The  Clerk  engine  being 
the  representative  of  the  best  latter  class. 

Part  III.  presents  in  six  chapters  the  theories 
of  the  different  kinds,  and  will  be  to  the  stu- 
dent of  thermodynamics  the  most  valuable 
portion  of  the  book.  The  book  is  sure  of  an 
extensive  demand,  because  it  answers  in  so  di- 
rect a  manner  the  questions  that  are  daily  asked 
among  mechanical  engineers. 

How  to  Deain  a  House  :   Peaotioal  Infoe- 
MATION  FOE  HOUSEHOLDEES.       By  GEO.  E. 

Waeing,  Jr.,  M.  Inst.  C.  E.,  Consulting  Engin- 
eer for  Sanitary  Drainage.  New  York :  Henry 
Holt  &  Co,     $1.25. 

The  author,  a  well-known  authority  and  writer 
on  sanitation,  deals  with  the  best  methods  and 
appliances  for  the  plumbing  and  draining  of 
houses,  and  writes  on  this  subject  of  ever-grow- 
ing importance  to  the  householder  in  his  usual 
vigorous  and  elegant  style.  The  larger  part  of 
the  contents  have  recently  appeared  in  articles 
contributed  to  the  Century  Magazine.  To  these, 
which  had  special  reference  to  the  details  of 
pipes,  traps  and  fixtures  inside  of  the  house,  the 
author  has  added  important  chapters  on  the  sew- 
age disposal  for  isolated  houses,  particularly  by 
the  method  known  as  "subsurface  irrigation." 
It  is  to  be  regretted  that  the  illustration  of  the 
book  should  not  have  been  rendered  in  a  more 
uniform  and  better  style.  The  remarks  made 
in  Chapter  XXIV. ,  on  the  relations  existing  be- 
tween owners,  architects,  sanitary  engineers, 
and  plumbers  deserve  earnest  and  thoughtful 
attention. 

While  the  book  is  principally  intended  for 
householders,  it  contains  much  that  is  of  inter- 
est and  value  to  the  rapidly  increasing  number 
of  engineers,  who  make  healthful  house  con- 
struction a  special  study. 

An  Elementaey  Teeatise  on  Hydeomechan- 
ics.  With  numerous  examples.  By  E. 
A.  Bowsee,  Prof,  of  Mathematics  and  Engineer- 
ing, Rutgers  College,  New  Brunswick,  N.  J. 
D.  VanNostrand,  Publisher. 

This  work  on  the  equilibrium  and  motions  of 
fluids  possesses  in  a  marked  degree  the  essential 
features  of  a  good  text-book.  The  definitions 
and  axioms  of  the  subject  are  clearly  stated  and 


their  relative  importance  made  apparent  to  the 
eye  in  the  text.  Theorems  based  upon  them  are 
demonstrated  as  concisely  as  is  consistent  with 
completeness  of  treatment,  and  the  principles 
are  immediately  applied  to  questions  of  a  prac- 
tical kind  and  fully  illustrated  by  numerous  ex- 
amples. The  elements  of  this  science  are  pre- 
sented in  a  way  to  encourage  habits  of  thought 
and  reflection,  and  at  the  same  time,  to  fit  for 
practical  application,  by  giving  knowledge  of 
an  extremely  useful  kind. 

The  book  is  suggestive,  containing  many  ref- 
erences to  the  original  papers  on  the  many 
branches  of  this  subject  and  indicating  the  line 
of  study  to  those  who  wish  to  investigate  fur- 
ther. 

The  first  division  is  hydrostatics.  The  open- 
ing chapter  deals  with  the  equilibrium  and 
pressure  of  liquids  and  applies  the  principles  to 
the  stability  of  embankments. 

The  second  chapter  is  devoted  to  floating- 
bodies  and  specific  gravity,  describing  the  in- 
struments used  in  determining  it  and  illustra- 
ting by  many  very  interesting  and  useful  exam- 
ples. 

The  next  chapter  takes  up  the  topic  of  gases ; 
and  in  it  Boyle  and  Mariotte's  law  is  very  clearly 
presented,  and  used  in  explaining  the  relations 
between  the  pressure,  temperature  and  density 
of  a  mass  of  gas.  Special  consideration  is  given 
to  the  atmosphere,  so  far  as  it  falls  in  line  with 
the  subject ;  and  the  theories  of  the  barometer 
and  thermometer,  together  with  their  applica- 
tions are  fully  treated. 

The  second  division  is  given  to  hydrostatics. 
It  is  practical  in  character,  treating  of  the  motions 
of  fluids  in  pipes  and  taking  into  account  the 
various  elements,  that  determine  the  velocity  of 
flow  and  amount  of  discharge. 

A  point  of  special  interest  is  the  attention 
given  to  the  coefficients  of  resistance,  due  to 
friction,  enlargement  of  section  of  pipes  and  so 
on.  Many  practical  formulae  are  theoretically 
derived  and  their  application  in  practice  fully 
set  forth.  The  book  concludes  with  a  descrip- 
tion of  various  machines  whose  action  depends 
on  the  properties  of  air  and  water.  The  author 
has  not  been  content  to  give  the  bare  elements 
of  the  subject,  but  has  furnished  much  valuable 
information  and  suggestion  in  such  a  way  as  to 
stimulate  interest  and  study  and  so  to  contribute 
to  the  value  of  this  book  for  training  and  in- 
struction. 

MISCELLANEOUS. 

In  the  preparation  of  alumina,  according  to 
the  Chemiker  Zeitung,  ferro-silicium  is 
mixed  with  fluoride  of  aluminum  in  equal  pro- 
portions, and  the  mixture  is  exposed  to  a  fus- 
ing heat.  The  materials  decompose  each 
other,  and  volatile  fluosilicium  with  iron  and 
aluminum,  are  produced,  the  latter  two  bodies 
being  alloyed  together.  In  order  to  extract  the 
valuable  aluminum,  a  copper  alloy  is  formed 
by  melting  the  iron  alloy  with  metallic  copper  ; 
by  reason  of  the  greater  affinity  of  the  copper 
for  aluminum  this  is  secured,  leaving  with  the 
iron  only  a  slight  residue  of  aluminum.  When 
the  fused  mass  is  cold,  copper-bronze  and  iron 
have  so  settled  that  both  bodies  can  be  easily 
separated. 
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ENGINEERING  AS  A  PROFESSION. 

AX  ADDRESS  TO  THE  ALUMNI  ASSOCIATION  OF  THE  STEVENS  INSTITUTE  OF 

TECHNOLOGY— JUNE  18,  1885. 

BtIWILLIAM  KENT,  M.  E.,  Stevens  '76,  President  of  the  Association. 
Contributed  to  Van  Nostrand's  Engineering  Magazine. 


A  recent  writer  on  Political  Economy 
says  :  "  The  tournament  of  the  world 
has  changed  its  fields  and  its  weapons. 
Men  no  longer  strive  with  lance  for  a 
lady's  favors.  They  struggle  with  matter 
to  change  its  forms  and  add  to  its  value. 
He  who  can  render  industry  more  varied, 
or  more  efficient,  who  can  turn  any  ele- 
ment or  gift  of  nature  to  novel  use,  is  the 
winner  of  the  prize."  The  same  writer 
says  further :  "  Society  will  not  dispense 
with  professional  men,  although  they  do 
not  stand  so  far  above  the  level  as  in  gen- 
erations ago.  We  will  call  upon  lawyers 
when  we  get  into  strife  over  property  and 
they  are  necessary  to  the  social  structure 
which  protects  the  person.  While  sick- 
ness comes,  doctors  will  maintain  their 
calliug.  So  long  as  there  is  a  soul  that 
longs  for  immortality,  clergymen  will  be 
welcome  in  home  and  pulpit.  But  with 
expanding  industries,  with  developing 
science,  new  professions  have  gained  fav- 
or. Commerce  has  its  spheres  in  which 
high  training  and  strong  intellects  are 
needed  and  are  well  rewarded.  So  has 
the  varied  mechanism  of  this  age.  In 
the  professions  hundreds  are  starving  in 
this  country  in  the  foolish  pride  of  a  de- 
cayed caste.  In  the  walks  of  production, 
wealth  invites  every  man  who  will  bring 
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brains  and  industry,  which  will  win 
skill." 

It  is  of  one  of  these  new  professions, 
engineering,  that  I  would  speak,  and  I 
claim  for  it  a  rank  as  a  learned  profession 
equal  to  that  of  law  or  medicine,  and  sec- 
ond only  to  that  of  divinity. 

Such  a  claim,  for  engineering  to  rank 
as  a  learned  profession,  worthy  of  all 
the  honors  that  have  been  paid  to  the 
older  professions,  may  seem  to  you,  who 
are  students  or  practitioners  in  that  pro- 
fession, as  an  unnecessary  statement  of  a 
truism — one  which  needs  no  proof — you 
already  accept  it  as  almost  an  axiom.  But 
it  is  not  thus  accepted  by  the  world  at 
large.  In  a  recent  conversation  with  a 
lawyer  on  this  subject,  he  held  that  it 
was  impossible  that  engineering  could  be 
of  equal  rank  with  the  three  learned  pro- 
fessions of  the  olden  time,  since  all  its 
work  tended  only  to  the  material  advance- 
ment of  the  race;  it  benefited  civiliza- 
tion only  by  the  increase  of  wealth  which 
it  brought ;  it  was  of  the  earth  earthy ; 
in  fact,  a  servant  of  Mammon ;  while  the 
other  professions  were  on  a  higher  plane, 
preserving  the  life  and  the  morals,  and 
dealing  with  the  intellect  and  with  the 
immortal  part  of  man.  So  Charles  Dud- 
ley Warner,  in  the  North  American  Re- 
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view  for  Sept.,  '84,  writes  of  the  "  Demand 
of  the  Industrial  Spirit "  (of  which  spirit 
we  must  admit  that  the  engineering  pro- 
fession is  the  hand-maiden)  as  denying 
the  higher  wants  of  the  soul,  as  u  demand- 
ing a  radical  revision  of  the  college  cur- 
riculum and  that  the  ancient  stamp  of 
scholarship  shall  be  put  upon  industrial 
and  commercial  pursuits."  He  says,  "The 
last  demand  of  the  industrial  spirit  is 
that  all  education  shall  be  lowered  to  its 
material  aims ;  for  lowered  it  will  be, 
if  all  distinction  is  removed  in  academic 
honor  between  an  education  for  the  sake 
of  the  mind  itself  and  an  education  de- 
pendent on  and  limited  to  material  and 
practical  aims.  The  danger  in  this  is  no 
less  to  science  than  to  literature  and 
philosophy.  It  is  the  greatest  to  all  to 
the  tone  of  modern  life." 

Such  criticisms  as  these  of  the  modern 
tendency  of  educational  methods  to  fit 
men  for  the  practical  duties  of  life,  make 
it  necessary  for  us  to  be  able  to  give  a 
reason  for  our  belief  that  such  a  tendency 
is  not  a  degrading  one,  and  that  one  of  the 
results  of  such  a  tendency,  that  of  placing 
engineering  on  the  high  plane  of  a  learned 
profession,  is  not  a  danger  to  the  tone  of 
modern  life,  but  one  of  its  best  safe- 
guards, and  is  a  real  and  important  step 
in  the  advancement  of  civilization. 

Let  us  first  consider  the  requirements 
of  the  three  professions  which  have  hither- 
to appropriated  the  distinction  "  learned," 
and  compare  them  with  the  requirements 
of  the  profession  of  engineering.  But 
first  we  notice  that  the  requirements  of 
the  three  older  professions  are  not  now 
the  same  as  they  formerly  were,  but  are 
becoming  broader  and  more  severe  as  the 
general  public  becomes  better  educated. 
In  olden  times,  it  might  be  sufficient  for 
a  lawyer  to  own  a  few  books,  to  have  a 
knowledge  of  the  forms  of  law,  and  to 
have  the  ability  to  browbeat  a  witness  and 
befog  the  judge  ;  the  doctor  needed  to  be 
expert  with  the  lance  and  with  the  leech, 
to  have  a  wise  expression  of  countenance 
like  that  of  the  owl,  and  be  faithful  in  ad- 
herence to  tradition  regardless  of  the  con- 
sequence ;  the  minister  should  be  a  man 
of  lordly  mien,  to  be  able  to  exercise 
proper  authority  and  command  the  re- 
spect of  his  parishioners,  and  to  have  the 
grace  of  charity  and  general  kindliness  of 
manner,  so  as  to  make  him  always  a  wel- 
come guest  in  their  homes.     In  modern 


times,  however,  the  requirements  have 
greatly  expanded.  It  is  necessary  for  a 
lawyer,  in  counsel,  to  have  such  intelli- 
gence and  such  honesty,  as  will  enable 
him  to  advise  a  client  when  to  avoid  as 
well  as  when  to  seek  litigation ;  in  advo- 
cacy, to  have  all  the  powers  given  by  a 
thorough  knowledge  of  logic  and  rhetoric, 
the  quickness  of  perception,  the  eloquence 
and  the  profound  knowledge  of  the  law, 
which  are  needed  in  combat  against  simi- 
lar powers  arrayed  on  the  other  side.  In 
medicine,  a  doctor  must  know  when  to 
withhold  as  well  as  when  to  give  medicine, 
how  to  save  a  leg  as  well  as  how  to  take 
one  off,  and  he  must  keep  familiar  with 
all  the  most  recent  discoveries  of  medical 
science,  and  know  how  to  make  proper 
application  of  them.  In  divinity  the 
minister  must  keep  abreast  of  his  flock 
in  intelligence  ;  must  be  well  versed  in 
history,  literature  and  science,  as  well  as 
theology,  to  enable  him  to  meet  every 
new  argument  against  his  own  beliefs 
which  may  be  drawn  from  any  branch  of 
human  knowledge.  These  three  profes- 
sions now  all  ask  for  the  most  liberal 
general  culture,  including  not  only  a 
classical  education,  but  a  knowledge  of 
the  universe  of  learning,  of  all  that  is 
known  or  to  be  known  of  nature  and  hu- 
manity. 

Let  us  compare  these  requirements 
with  those  of  an  engineer  who  should 
rank  as  a  member  of  a  learned  profes- 
sion. He  should  be  a  man  of  broad 
general  culture.  No  branch  of  education 
should  be  looked  on  by  him  with  con- 
tempt, and  his  culture  should  be  a  broad- 
er one  than  that  given  by  the  old  college 
curriculum.  The  "  demand  of  the  in- 
dustrial spirit "  is  a  noble  one.  It  is  for 
a  higher  and  broader  education  than  that 
of  Oxford  and  Cambridge.  All  the  cult- 
ure that  the  Greek  and  Latin  tongues 
may  give,  all  that  history,  literature, 
music  and  the  fine  arts  may  give  must 
not  be  slighted.  Do  the  classics  give  a 
man  stronger  reasoning  powers?  Does 
literature  give  him  the  graces  of  speech 
and  the  power  of  the  pen  to  mold  hu- 
man thought  ?  Do  the  fine  arts  give  him 
the  sense  of  the  beautiful  ?  All  these 
are  of  benefit  to  the  engineer ;  but  to 
these  he  must  add  as  more  important  to 
his  professional  success  the  knowledge  of 
human  nature  and  of  finance,  gained  only 
in  the  school  of  business  experience  ;  and 
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of  the  higher  mathematics,  which  he 
must  use  as  easily  as  a  mechanic  does 
his  two-foot  rule  ;  of  the  sciences  which 
reveal  to  us  the  secrets  of  nature,  geol- 
ogy, mineralogy,  physics,  chemistry,  and 
their  allies  ;  and  to  all  these  he  must  add 
a  sound  body  with  a  sound  mind,  a  fa- 
miliarity with  the  powers  and  the  limita- 
tions of  the  mechanical  trades,  and  a 
certain  amount  of  personal  manual  dex- 
terity. 

So  vast,  indeed,  is  the  field  of  knowl- 
edge which  the  profession  of  engineering 
requires  as  its  foundation,  that  no  one 
man  can  be  expected  to  encompass  the 
whole  of  it.  As  the  jack-of-all- trades  is 
generally  master  of  none,  so  the  engi- 
neer who  attempts  to  become  educated 
in  all  branches  of  even  the  ground  work 
of  an  engineering  education,  not  to 
speak  of  the  branches  of  the  profession 
itself,  is  apt  to  prove  a  failure.  Hence 
the  necessity  not  only  of  specializing  the 
profession  of  engineering  into  the 
branches  of  military,  naval,  civil,  mechani- 
cal, mining,  electrical,  sanitary,  and  the 
like,  but  also  of  making  a  discrimination 
as  to  the  branches  of  general  education 
which  should  be  acquired  as  preliminary 
to  an  entrance  into  the  general  study  of 
engineering,  and  of  its  special  branches. 
Hence  the  specializing  of  schools  of  en- 
gineering, Rensselaer  devoting  itself 
chiefly  to  civil  engineering,  'Columbia  to 
mining,  Stevens  to  mechanical  engineer- 
ing. 

I  may  here  mention  the  place  which 
such  professional  schools  should  occupy 
in  our  general  American  educational  sys- 
tem. Vice-chancellor  McCracken,  of  the 
University  of  the  city  of  New  York,  said 
the  other  day :  "  The  college  is  a  school 
that  teaches  something  about  everything ; 
the  university  is  a  collection  of  schools 
each  of  which  teaches  everything  about 
something."  He  argues  in  favor  of  post- 
poning university  work  in  arts  and  sci- 
ence until  after  graduation  from  college, 
and  says  that  the  only  foundation  in 
America  that  has  made  its  principal  busi- 
ness to  set  up  a  university  faculty  in  arts 
and  science,  the  Johns  Hopkins  Univer- 
sity enrolls  this  year  174  graduate  stu- 
dents in  arts  and  science,  representing  97 
colleges.  He  does  not  mention  technical 
schools,  such  as  Stevens,  in  his  address, 
but  I  think  that  if  he  considered  the 
matter  he  would   advise  as  I  would,  that 


the  technical  school  of  mechanical  en- 
gineering be  ranked  as  one  of  the  schools 
of  the  university ;  a  school  whose  place 
should  be  to  teach  everything  about  some- 
thing, and  that  something  mechanical  en- 
gineering, and  not  to  teach  something 
about  everything,  which  is  the  function 
of  a  college.  So  also  a  collegiate  edu- 
cation should,  if  possible,  be  obtained 
before  entrance  into  the  school  of  engin- 
eering, as  the  best  possible  preliminary 
preparation.  And  here  I  would  agree 
with  Vice-Chancellor  McCracken  in  his 
argument  against  inviting  sophomores  to 
become  specialists.  He  says  :  "  It  is  in- 
justice to  a  boy  of  seventeen,  and  the 
Harvard  sophomore  is  but  seventeen.  It 
encourages  him  to  a  premature  marriage 
of  himself  to  some  'ology'  or  'ism.'  .  . 
.  .  How  can  the  youth  of  seventeen, 
until  lie  has  looked  over  the  whole  field 
of  learning,  decide  as  to  his  turn  of  mind, 
whether  it  is  not  poetic  or  philosophic, 
or  a  mind  for  invention  or  for  acquisition, 
for  leading  or  for  following,  for  the  study 
of  the  world  of  things  or  the  world  of 
men." 

So  much  for  the  requirements  of  the 
engineering  profession  as  far  as  educa- 
tion is  concerned.  Let  us  now  consider 
its  requirements  in  actual  work. 

The  work  of  the  engineer  has  been  de- 
fined as  the  overcoming  of  the  resistances 
of  nature,  and  the  best  engineer  is  he 
who  effectually  overcomes  these  resist- 
ances with  the  least  expenditure  of  time, 
labor  and  money.  The  successful  engi- 
neer must  love  his  work  for  its  own  sake, 
and  not  for  its  emoluments.  He  must 
have  the  same  professional  pride  that  a 
good  lawyer  or  doctor  has,  and  be  ready 
to  sacrifice  his  money,  fame,  or  even  life 
itself,  if  duty  should  demand  it.  The  re- 
sponsibility thrown  upon  an  engineer  is 
sometimes  one  whose  extent  cannot  be 
measured  by  a  money  standard.  His 
mistakes  may  be  more  serious  than  those 
which  hurt  only  the  pockets  of  the  law- 
yer's client,  or  those  which  the  doctor 
buries  six  feet  underground.  Think  of 
the  mistake  of  the  Ashtabula  bridge,  the 
engineer  of  which  committed  suicide ; 
of  the  Tay  bridge,  the  disaster  to  which 
is  said  to  have  broken  the  heart  of  its 
builder.  And  as  to  financial  responsibil- 
ity, how  many  millions  of  dollars  have 
been  lost  by  engineering  mistakes.  See 
the  abandoned  mines  and   mills  in  our 
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gold  and  silver  districts,  the  silent  blast 
furnaces  and  rolling  mills  built  in  the 
wrong  locations,  the  waste  of  money  and 
of  life  in  the  Hudson  River  tunnel  and 
in  the  Panama  Canal. 

No  higher  trusts  are  assumed  by  any 
other  profession  than  by  that  of  engineer- 
ing. It  behooves  that  profession,  there- 
fore, as  much  as  any  other  to  be  sensitive 
of  its  honor.  Shall  a  judge  be  corrupt, 
or  a  lawyer  defraud  his  client  ?  No  more 
should  an  engineer  either  give  or  take  a 
bribe,  or  do  aught  to  bring  dishonor  on 
himself,  or  to  demoralize  his  associates. 
In  manners  he  should  be  beyond  re- 
proach, but  in  integrity  beyond  suspicion. 

In  its  rewards  the  profession  of  an  en- 
gineer is  not  behind  any  other.  If  stat- 
istics could  be  brought  to  bear  I  have  no 
doubt  that  professional  engineers  could 
be  found,  on  an  average,  to  be  reaping 
greater  financial  rewards  than  the  aver- 
age of  doctors,  lawyers  and  ministers 
of  the  same  number  of  years  in  practice. 
Mr.  Roberts,  in  his  "  Government  Rev- 
enue," estimates  that  of  physicians  only 
one-third  earn  over  $2,000  per  year,  one- 
fifth  earn  between  $1,000  and  $1,500,  the 
next  one-fifth  will  strive  for  $1,000,  and 
one-fourth  will  get  only  $600,  $500  or 
less.  Of  lawyers  he  says  the  annual 
earnings  of  less  than  one-fourth  are 
$2,000  per  year,  one-tenth  in  addition 
receive  $1,000  a  year.  "No  calculation 
can  bring  the  number  getting  $1,000  a 
year  from  their  profession  to  one-half 
of  those  on  the  rolls  as  in  active  prac- 
tice. One-fourth  do  not  earn  $500  an- 
nually from  legal  business."  I  have  no 
doubt  that  the  engineering  profession 
would  show  a  much  better  record  than 
this  if  statistics  could  be  obtained. 

In  the  reward  of  public  fame  and 
honor,  no  profession  stands  higher  than 
that  of  the  engineer.  If  a  list  of  the 
benefactors  of  mankind  since  the  time 
of  Archimedes  should  be  made,  the  engi- 
neers of  the  world  would  be  conspicuous 
in  it  both  in  the  number  of  their  names 
and  in  the  grandeur  of  their  achieve- 
ments. 

There  is  one  grand  distinction  be- 
tween the  professions  of  law,  medicine 
and  divinity,  and  that  of  engineering. 
The  former  are  the  professions  of  con- 
servatism, the  latter  is  the  one  of  prog- 
ress. The  object  of  the  profession  of 
medicine  is  the  conservation  of  life ;  that 


of  law,  the  conservation  of  morals  and 
the  rights  of  property ;  that  of  divinity, 
the  conservation  of  belief.  Engineering, 
however,  is  essentially  progress.  Its 
history  is  one  of  continual  advancement. 
It  is  like  science  itself,  so  far  in  fact  that 
many  of  the  advancements  in  civiliza- 
tion greatly  credited  to  science  pure  and 
simple,  are  really  the  achievements  of  en- 
gineering, an  applied  science,  of  which 
pure  science  is  but  the  handmaid.  In 
this  connection  I  may  quote  from  Prof. 
Thurston's  paper  on  the  "  Mission  of 
Science,"  and  you  will  note  that  the  word 
"  engineering  "  might  be  used  wherever 
he  uses  the  word  "  science."  "  A  century 
ago,  with  the  birth  of  the  steam  en- 
gine, later  with  the  introduction  of  the 
product  of  the  printing  press  into  the 
daily  life  of  the  world,  with  the  opera- 
tion of  the  electric  telegraph  and  the 
introduction  of  the  railroad,  began  the 
real  progress  of  science,  and  we  are  now 
seeing  but  the  beginning  of  her  awe- 
inspiring  career.  She  has  taught  us  to 
drive  ten  thousand  tons  across  the  seas 
by  the  might  of  over  12,000  horse-power 
engines.  She  has  taught  us  to  send 
printed  messages  across  the  continent ; 
she  has  shown  us  how  to  drive  railroad 
trains  faster  than  bird  can  fly,  yet  the 
mission  of  science  has  made  but  the 
veriest  beginning.  It  still  remains  to 
her  to  perfect  and  systematize  a  thou- 
sand new  industries,  to  invent  as  yet  un- 
imagined  new  arts,  to  bring  the  laborer 
worthy  of  his  hire  all  that  he  needs  and 
all  that  he  can  desire  for  his  own  com- 
fort, and  for  the  care  and  comfort  of  his 
family,  to  adjust  the  power  of  produc- 
tion to  that  of  consumption,  and  both  to 
the  working  capacity  of  the  world,  so  that 
the  now  seeming  natural  conflict  between 
labor  and  capital  shall  no  longer  have 
even  an  appearance  of  existence." 

Probably  similar  thoughts  were  in  my 
own  mind  three  years  ago  when  writing 
from  the  Electrical  Exhibition  in  Lon- 
don, I  mentioned  the  possibilities  of  fu- 
ture achievements  of  one  branch  of  en- 
gineering, the  electrical,  I  said  "  These 
currents  of  electricity  shall  furnish 
power  to  drive  our  railway  cars,  our  road 
vehicles,  and  our  steam  boats  ;  shall  fur- 
nish energy  to  run  our  sewing  machines, 
to  raise  our  water,  to  light  and  warm  our 
houses  and  cook  our  food.  They  shall 
separate   the  .ore  from  the  dross,  shall 
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reduce  and  fuse  the  ore  into  metal,  and 
shall  gild  and  refine  not  only  our  metals 
but  our  whole  civilization.  And  when  this 
is  done — when  man  has  subdued  unto  him- 
self all  the  forces  of  nature  and  forced 
them  to  do  his  work,  will  he  work  any 
fewer  hours  or  less  hard  ?  Will  he  take 
any  more  rest,  or  any  more  pleasure,  or 
will  he  be  the  same  over- worked,  nervous, 
ambitious  and  dyspeptic  creature  that  he 
is  now  ?  Will  electricity  solve  the  labor 
problem  ?  Ah  !  these  are  questions  ap- 
parently beyond  the  reach  of  our  present 
philosophy,  but  they  are  questions  which 
the  future  is  bringing  to  us  with  terrible 
rapidity.  It  is  wise  to  look  them  in  the 
face."' 

I  have  thus  given  you  briefly  some  of 
my  views  on  the  requirements  of  the 
engineering  profession,  of  the  work  it  is 
called  upon  to  do,  and  of  some  of  its 
future  possibilities.     I  hope  you  see  as- 1 


do,  that  the  profession  is  not  altogether 
of  the  earth  earthy,  that  it  is  not  alto- 
gether a  profession  whose  end  is  simply 
the  increase  of  wealth  of  a  favored  few, 
but  that  it  is  a  profession  charged  with 
as  weighty  responsibilities  and  duties  to 
the  human  race  as  any  other ;  that  it 
is  the  profession  to  which  the  world  must 
look  for  nearly  all  future  advances  in 
civilization,  whether  these  come  through 
the  enginery  of  war,  civilizing  barbari- 
ans by  the  means  of  modern  artillery, 
through  sanitary  engineering,  at  the 
same  time  preserving  the  health  and 
benefiting  the  morals  of  mankind,  or 
through  inventions  which  shall  so  in- 
crease the  wealth  of  the  human  race  at 
large  that  the  primal  curse  of  labor  may 
be  to  a  great  extent  removed,  and  the 
race  have  more  time  than  it  now  has  for 
the  cultivation  of  its  intellectual,  moral 
and  spiritual  nature. 


WATER  METERS  (COMPTEURS  D'EAU).* 

By  CH.  ANDRE. 
Translated  for  Van  Nostrand's  Magazine. 


The  Frazer  Meter. 

There  are  two  forms  of  this  meter  :  the  | 
first  introduced  in  1872  and  the  second  j 
in  1878. 

In  the  earlier  pattern  the  general  form  j 
was  cylindrical ;  the  smaller  sizes  being 
of  cast  iron  and  the  larger  of  wrought 
iron  plate.  The  water  coming  within  the 
outer  casing  exerted  pressure  upon  the 
pistons,  of  which  there  were  four  joined 
two  and  two,  and  single  acting.  There 
are  two  three-port  slide  valves,  working 
horizontally.  The  valve  for  each  pair  of 
piston  rods  regulates  the  flow  for  the 
cylinders  of  the  opposite  pair.  The  reg- 
istering wheel  work  is  moved  by  the  pis- 
tons acting  on  a  ratchet  wheel. 

In  1878  Mr.  Frazer  patented  his  later 
form  of  meter,  which  differs  from  the  first 
in  several  particulars.  The  outlet  pipe  is 
supplind  with  a  rubber  ball-valve,  which 
serves  to  mitigite  the  water  hammer 
shocks  on  the  valves.     The  pistons  turn 

*  The  greater  part  of  It  \ndre's  paper  is  devoted  to 
descriptions  already  given  in  Mr.  Browne's  paper. 
Only  the  more  important  of  the  remaining  ones  are 
here  given. 


upon  their  axes  while  making  the  stroke, 
so  as  to  insure  a  regular  wear  on  the 
packing. 

There  are  two  double-action  pistons 
in  place  of  the  four  single-action,  thus  re- 
ducing the  length,  weight,  and  price  of 
the  machine. 

The  water  enters  from  above,  passes 
through  a  strainer  which  arrests  solid 
particles  and  also  serves  to  keep  the 
valves  in  place  during  transportation. 

The  valves  rotate  instead  of  working 
back  and  forward,  and  are  driven  by  a 
key  and  collar  on  the  piston-rod.  The 
adjustment  of  the  parts  is  such  as  to  ad- 
mit of  examination  of  the  meter  at  any 
time. 

Furnished  with  a  safety  valve,  this  me- 
ter has  been  applied  to  the  measure  of 
feed-water  for  boilers. 

The  durability  of  the  Frazer  meter  is 
very  satisfactory.  The  packing  of  one  at 
the  Eastern  Kail  way  Station  in  Paris  was 
recently  renewed.  It  had  registered 
200,000  cubic  meters,  and  the  packing 
was  still  water-tight. 
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The  Frazer  Meter  (1872  Model). 


The  Crown  Meter. 

This  meter  has  a  rotating  piston  and  is 
known  in  France  as  the  Nasch  Meter 
(Compteur  Nasch). 

The  apparatus  is  enclosed  in  an  iron 
box.  The  water  enters  below  and  passes 
through  a  copper  strainer  of  large  sur- 
face. 

It  is  composed  of  four  strong  pieces, 
only  one  of  which  is  movable.  One  of 
these  pieces  is  the  so  called  crown.  It  is 
substantially  a  heavy  ring  with  indenta- 
tions on  the  concave  edge.  A  pinion 
rolling  on  the  inside  of  this  crown  consti- 
tutes the  piston.  It  separates  the  crown 
into  two  water  ways.  The  piston  has 
one  tooth  less  than  the  crown.  The  pis- 
ton has  at  the  center  of  each  face  a  cavity 
and  a  little  further  out  a  deep  groove. 
The  lower  central  cavity  communicates 
with  the  upper  groove  by  oblique  conduits 
through  the  metal.   In  like  manner  the  up- 


per central  cavity  communicates  with  the 
lower  groove.  The  piston  and  tbe  crown 
are  of  the  same  height,  and  are  situated 
between  two  fixed  discs  which  perform 
the  office  of  valves.  These  discs  are  per- 
forated with  curved  conduits  opening  at 
their  extremities  on  the  side  towards  the 
piston.  One  of  these  extremities ;  the 
one  nearest  the  point  where  the  piston 
and  crown  are  in  contact,  communicates 
with  a  groove,  while  the  other  extremity 
opens  at  90°  from  this  point  into  the 
open  space  between  the  teeth. 

The  water  enters  by  a  central  hole  in 
the  lower  disc,  traverses  the  piston,  is 
conducted  into  the  upper  groove,  thence 
by  the  curved  conduits  into  the  space  be- 
tween the  crown  and  piston  and  causes 
the  piston  to  roll. 

The  water  then  goes  out  through  the 
conduits  of  the  lower  plate  ;  thence  into 
the  lower  groove  of   the   piston,  passes 
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The  Frazer  Meter    (1878  Model). 


through  the  piston  and  out  through  its 
upper  central  cavity. 

The  piston  carries  on  its  upper  surface 
a  bronze  rod,  which  describes  a  circle  and 
drives  the  registering  wheels. 

The  crown  meter  is  especially  adapted 
for  measurement  of  large  quantities  of 
water  under  light  pressure.  It  is  also 
more  exact  when  the  delivery  is  small 
than  are  the  velocity  meters,  but  is  less 
so  than  the  ordinary  piston  meters.  This 
naturally  follows  from  the  fact  that  the 


Crown  meter  is  not  furnished  with  pack- 
ing and  a  water-tight  piston.  Its  effi- 
ciency depends  chiefly  upon  precision  of 
adjustment  and  lightness  of  its  piston, 
which  is  made  of  vulcanite.  It  is  put  in 
action  by  a  water  pressure  of  two  or 
three  centimeters.  Six  liters  of  water 
per  hour  will  keep  one  at  work. 

From  the  experience  in  French  cities, 
it  is  concluded  that  where  exactness  of 
measurement  is  regarded  as  the  first  im- 
portance, only  the  piston  meters  of  ordi- 
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The  Crown  Meter. 


Crown,  C. 


Vertical  Section. 


nary  type  are  in  use.  In  the  provinces 
the  English  Siemens  meter  is  most  widely 
employed.  Other  kinds  of  meters  may  be 
profitably  employed  in  measuring  veloc- 
ities. Piston  meters  are  large  and  costly, 
but  accurate  and  durable.  The  other 
varieties  are  small,  easy  to  work,  but  less 
exact  and  more  delicate. 


The  Crown  meter  occupies  a  sort  of 
intermediate  position  between  the  two 
classes.  Its  capacity,  its  price,  and  its 
precision,  entitle  it  to  favorable  consider- 
ation ;  but  where  solidity  and  durability 
are  regarded  as  essential  merits,  the  pis- 
ton meters  are  preferred. 
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CABLE  TRAMWAYS. 

By  W.  N.  COLAM. 
Paper  read  before  the  Society  of  Engineers. 


As  is  now  pretty  well  known  it  was 
in  America  that  continuous  wire  cables 
were  first  adopted,  for  the  purposes  of 
street  locomotion.  The  author,  how- 
ever, in  addressing  English  engineers  on 
the  subject  of  cable  tramways,  thinks 
he  is  best  considering  the  wishes  of 
those  present  by  dwelling  but  cursorily 
on  the  birth,  history,  and  construction  of 
the  cable  system  in  America  ;  and  in  de- 
voting a  considerable  portion  of  his 
paper  to  a  description  of  the  Higbgate 
Tramway,  which  is  not  only  the  most  re- 
cently constructed  cable  tramway,  but 
the  first  ever  made  in  Europe.  In  the 
case  of  all  inventions  which  have  event- 
ually proved  to  be  of  great  value,  the 
honors  of  inventorship  have  usually  been 
contested.  Suffice  it  to  say  that  the 
cable  system  of  tramways  is  of  compara- 
tively recent  origin,  and  that  the  author 
proposes  to  leave  the  question  as  to  who 
originated  it  for  others  to  settle.  It  is  \ 
doubtful  whether  the  invention  in  this 
case  would,  even  at  the  present  time, 
have  been  practically  worked  out  had  it 
not  been  for  the  fortunate  circumstances 
that  a  few  wealthy  men  living  on  the 
heights  of  the  city  of  San  Francisco  had 
do  means  of  easy  excess  to  their  dwell- 
ings. 

The  idea  of  employing  a  wire  cable  for 
hauling  vehicles  is,  of  course,  very  old.  ! 
and  has  been  utilized  in  a  variety  of 
ways,  but  the  novelty  of  cable  tramways 
consists  in  the  secretion  of  the  rope  be- 
neath  the  surface  of  the  road  in  such  a 
manner  as  not  to  interfere  with  the 
ordinary  traffic,  and  also  in  the  grip- 
ping arrangement,  which  allows  cars  of 
the  ordinary  type  to  be  used.  No  two 
lines  on  the  cable  system  have  as  yet 
been  constructed  alike,  but  the  principle 
of  working  has  in  all  cases  been  the 
same,  and  may  be  concisely  described  as 
follows  : 

On  the  cars  and  under  the   control  of 
the  driver  a  gripping  arrangement  is  fit- 
ted which  is  extended  down  through  a  i 
narrow  continuous  slot  between  the  rails  ' 


and  into  a  tube  under  the  surface  of  the 
road.  Here  it  is  so  manipulated  by  the 
driver  as  to  close  firmly  or  partially  upon, 
and,  when  required,  to  release  itself 
from,  an  endless  wire  cable  which  is 
kept  constantly  moving  by  a  stationary 
engine  placed  at  any  convenient  spot 
along  or  near  the  line.  The  cable  is  sup- 
ported on  small  vertical  pulleys  at  suit- 
able intervals  on  straight  portions  of  the 
road,  but  at  curves  inclined  or  horizontal, 
pulleys  are  substituted  according  to  the 
nature  of  the  curve.  "Where  very  sud- 
den and  acute  rises  occur  in  the  surface 
of  the  road  (such  as  at  crossings  on  the 
San  Francisco  hills)  small  inverted  pul- 
leys are  used  to  depress  the  cable  and 
keep  it  from  touching  the  top  of  the 
tube.  Such  cases,  however,  are  seldom 
met  with  in  practice. 

In  the  month  of  August,  1.873,  a  few 
energetic  and  skillful  men  succeeded  in 
overcoming  the  many  objections  and  ap- 
parently almost  insurmountable  obstacles 
which  invariably  attend  the  introduction 
of  new  schemes,  and  the  result  of  these 
labors  was  the  construction  of  the  pio- 
neer cable  line  up  Clay  Street  Hill  in  San 
Francisco.  This  hill  is  very  steep,  the 
severest  gradient  being  as  much  as  1  in 
6  ;  and,  like  most  hills  around  San  Fran- 
cisco, is  leveled  where  intersecting  roads 
cross,  giving  the  longitudinal  section  of 
the  road,  a  step-like  appearance.  The 
street  length  of  this  line  is  2,800  feet, 
and  the  altitude  risen  to  in  that  distance 
is  307  ft.  The  first  cable  used  was  8 
inches  in  circumference,  and  was  worked 
at  a  speed  of  528  ft.  per  minute  for  17J- 
hours  per  day,  and  it  lasted  over  two 
years.  Owing  to  an  agreement  made 
with  the  local  authorities,  this  line  had 
to  be  constructed  in  about  two  months, 
consequently  it  was  not  built  quite  so 
substantially  as  others  since.  The  line 
soon  proved  itself  a  great  financial  and 
mechanical  success,  and  in  1877  exten- 
sions were  made,  but  not  in  the  same 
manner.  The  total  length  of  cable  at 
present  in  use  on  this  line  is  11,000  ft. 
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The  Sutter  Street  Tramway  Co.  close- 
ly watched  the  results  of  the  Clay  Street 
trial,  and  three  years  and  a-half  after  the 
opening  of  that  line  they  had  converted 
their  line  to  the  cable  system,  as  it  had 
(owing  to  the  grades)  hitherto  for  many 
years  been  worked  unprofitably  by 
horses.  This  company  has  now  over 
three  miles  of  double  stock,  crossing  two 
of  the  most  important  thoroughfares  in 
the  city.  There  are  four  cables  em- 
ployed, all  working  from  one  engine- 
house,  three  of  which  work  the  main  line 
and  one  a  branch  line  at  right  angles. 
The  total  length  of  cable  in  use  is  37,- 
736  ft.,  running  at  780  ft.  per  minute. 
Near  the  end  of  the  branch  line  the  cars 
have  to  pass  round  a  sharp  curve,  and  no 
difficulty  is  found  in  doing  so.  One  year 
after  the  completion  of  this  line  the  pas- 
senger traffic  had  increased  962,370,  and 
the  shares  of  the  company  previously  of- 
fered at  £5  sold  freely  at  £12  10s.  The 
construction  of  this  line  demonstrated 
the  ease  with  which  ordinary  lines  can 
be  converted  to  the  cable  without  seri- 
ously interfering  with  the  traffic. 

In  1877  the  California  Street  Co.  was 
organized,  and  opened  their  line  in  April, 
1878.  As  the  route  for  this  line  was  very 
steep,  at  places  being  as  much  as  1  in 
5.5,  it  was  decided  to  build  it  in  a  more 
substantial  manner  than  the  previous 
two,  which  had  wood  in  their  forma- 
tion. The  tube  here  was  solely  and 
wholly  a  combination  of  iron  and  con- 
crete, forming  a  strong  homogeneous 
mass.  The  cables  adopted  were  also 
heavier  than  before,  being  as  much  as 
four  inches  in  circumference,  The  total 
length  of  double  track  is  12,650  ft.  The 
engine-house  in  this  case  is  situated  in  a 
valley,  and  contains  two  engines,  hauling 
two  cables  of  8,840  and  17,055  ft.  long, 
at  a  speed  of  537  ft.  per  minute.  Geary, 
a  most  central  and  popular  street,  was 
the  next  route  chosen  for  a  cable  tram- 
way, which  was  completed  in  March, 
1880.  The  grades  on  this  line  are  com- 
paratively easy,  the  worst  being  1  in 
10.3.  Here  the  engine-house  was  placed 
about  half-way  along  a  double  track  of 
13,200  ft.  This  line  has  been  very  suc- 
cessful and  free  from  accidents,  notwith- 
standing it  is  crossed  at  right  angles  by 
three  horse  tramways,  one  of  which  also 
runs  over  its  metals  for  a  considerable 
distance . 


In  1881  the  Presidio  and  Ferry  line  of 
13,000  ft.  of  double  track  was  construct- 
ed. Some  of  the  grades  on  this  line  are 
exceedingly  heavy,  the  worst  being  1  in 
5.1.  There  is  a  curve  at  the  intersection 
of  two  streets,  the  streets  from  both 
directions  descending  towards  the  curve, 
around  which  it  was  originally  arranged 
for  the  cars  to  gravitate ;  but  improved 
methods  have  since  been  introduced,  so 
that  either  the  main  cable  or  an  auxiliary 
one,  running  at  a  reduced  speed,  can  be 
picked  up  by  the  cars. 

In  1880  the  wonderful  mechanical  and 
financial  success  of  the  San  Francisco 
cable  lines  excited  the  attention  of  tram- 
way companies  in  other  parts  of  America, 
and  even  in  the  distant  English  colony  of 
New  Zealand.  In  both  places  the  au- 
thorities, having  convinced  themselves  of 
the  value  of  the  system,  lost  no  time  in 
organizing  lines,  and  in  August,  1880, 
the  citizens  of  Dunedin  in  New  Zealand 
saw  the  first  cable  line  (out  of  San  Fran- 
cisco) opened.  Roslyn  tramway  is  prac- 
tically a  single  line  of  3  ft.  6  in.  gauge, 
with  turnouts.  It  is  3,500  ft.  long,  and 
the  total  rise  is  500  ft.  The  steepest 
gradient  is  1  in  7.  An  interesting  fea- 
ture of  this  line  is  an  S  curve  of  215  ft. 
radius.  The  success  of  the  Roslyn  line 
induced  the  Dunedin  people  to  further 
invest  their  money  in  the  Mornington 
Tramway,  which  was  opened  in  March, 
1882.  This  line  is  one  mile  long,  and 
the  altitude  attained  is  430  ft.,  the  worst 
gradient  being  1  in  6.25. 

The  next  city  to  recognize  the  advan- 
tages of  the  cable  system  was  Chicago, 
and  on  the  results  obtained  there,  under 
so  vastly  different  circumstances  and 
conditions  of  climate,  depended  the 
spread  of  the  system  further  east,  or  the 
limitation  of  it  to  milder  climates.  It 
may  be  taken  as  fortunate  that  immedi- 
ately after  the  completion  of  the  line,  in 
January,  1882,  Chicago  was  visited  with 
heavy  falls  of  snow  and  severe  frost.  The 
cable  was  at  once  well  tested,  and  proved 
to  be  easily  operated,  never  losing  a  trip, 
when  all  other  vehicle  traffic  was  sus- 
pended.' Again,  this  winter,  the  cable 
system  has  been  uninterrupted,  notwith- 
standing the  exceptionally  severe  weather 
Chicago  has  had.  The  Chicago  company 
had  at  various  times  tried  all  the  well- 
known  tramway  motors,  and  they  finally 
reverted  to  the  cable,  although  the  city 
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is  practically  a  dead  level,  and  the  com- 
pany was  doing  well,  as  their  $100  shares 
were  quoted  at  $250.  The  cables  on 
this  line  are  worked  from  one  engine- 
house,  and  are  so  arranged  and  actuated 
that  three  different  maximum  speeds  are 
imparted  to  the  cable,  suitable  for  the 
respective  districts  through  which  they 
pass ;  thus  in  one  place  the  cable  is  al- 
ways moving  at  315  ft.  per  minute,  at  an- 
other 716,  and  at  another  804.  At  the 
end  of  the  main  cable  line  instead  of 
switching  the  cars  to  the  up  line,  they 
are  run  (at  half  speed)  completely  around 
a  square  block  of  buildings  which  entails 
four  considerable  right  angle  curves. 
The  Chicago  company  has  now  a  line 
capable  of  carrying  over  10,000  passen- 
gers per  hour,  and  on  more  than  one  oc- 
casion 100,000  people  have  ridden  on  the 
cars  in  one  day.  The  annual  passenger 
return  before  converting  was  24  millions, 
and  the  first  year  after  27  millions,  with 
the  working  expenses  considerably  re- 
duced. 

Market  Street,  the  last  line  in  San 
Francisco  that  was  converted  into  the 
cable  system,  is  by  far  the  most  import- 
ant in  that  city.  For  a  long  time  it  was 
thought  it  would  be  impracticable  to 
have  a  cable  line  in  this  street,  owing  to 
its  already  very  crowded  state  at  certain 
times  of  the  day.  Experience  has,  how- 
ever, shown,  that  out  of  the  eight  lines 
of  tramways  passing  along  this  street, 
those  worked  by  the  cable  are  the  gen- 
eral favorites,  for  numerous  reasons, 
amongst  others  the  more  uniform  speed 
at  which  they  travel.  From  1860  to  1867 
this  line  was  worked  by  steam  engines, 
and  by  horses  from  that  date  to  1883, 
when  the  cable  was  inaugurated.  This 
road  has  about  10  miles  of  double  track, 
and  several  branches  worked  by  46 
heavy  and  large  cars.  Five  cables  of  4 
inches  circumference  traveling  at  750  ft. 
per  minute  are  operated  from  two  dis- 
tinct engine-houses.  The  total  length  of 
these  cables  is  90,810  ft.,  and  they  weigh 
over  100  tons. 

A  noticeable  feature  in  this  line  is  a 
curve  of  80  ft.  radius  which  passes  in 
front  of  the  engine  depot,  and  around 
which  the  cars  are  hauled  by  an  auxiliary 
cable  worked  at  half  the  speed  of  the 
main  line  cable. 

Lines  have  been  made  in  Philadelphia, 
and  also  one  across  the  Brooklyn  Bridge 


in  New  York;  both,  however,  have 
proved  failures  from  an  engineering 
point  of  view,  because  in  each  case  the 
authorities  attempted  to  ignore  the  po- 
tents  which  cover  the  construction  of 
good  economical  cable  roads.  In  Aus- 
tralia the  city  council  of  Melbourne  has 
been  so  satisfied  with  the  report  of  their 
engineer,  who  specially  visited  and  ex- 
amined the  cable  lines  of  America,  that 
they  have  sanctioned  the  construction  of 
27  miles  of  line  in  that  city,  which  is 
now  well  in  hand.  The  city  of  Sydney 
has  also  granted  a  company  permission 
to  construct  a  test  line  of  a  mile  long, 
with  the  understanding  that  considerable 
extensions  will  be  permitted  upon  its 
proving  a  success. 

A  cable  company  has  been  formed  in 
New  York,  and  the  Mayor  of  that  city 
has  granted  a  concession  for  the  con- 
struction of  a  system  72  miles  long,  part 
of  which  is  to  be  street  tramways,  and 
part  to  run  above  the  street  as  the  pres- 
ent elevated  railway  does.  The  decision 
of  the  council  and  mayor  has  not  only 
been  influenced  by  overwhelming  evi- 
dence of  the  behavior  of  cable  tramways, 
but  they  have  carefully  considered  the 
rapid  increase  of  population  which  is 
annually  being  enormously  augmented, 
and  they  have  satisfied  themselves  that 
the  cable  is  the  only  system  which  will 
be  able  to  cope  with  the  traffic  of  a  few 
years  hence. 

The  author  has  abstained  from  giving 
descriptions  of  the  various  gripping  ap- 
pliances used  on  the  lines  he  has  alluded 
to,  his  object  being  not  to  weary  the 
members  with  described  explanations  of 
complicated  machinery.  He  has,  how- 
ever, furnished  models  which  show  the 
principles  upon  which  they  have  all  been 
made.  Having  given  some  information 
as  to  what  has  been  done  in  cable  tram- 
ways abroad,  the  author  will  ne^t  pro- 
ceed to  describe  the  Highgate  Hill  cable 
tramway. 

It  is  surprising  that  notwithstanding 
the  rapid  growth  and  great  success  of 
the  cable  system  in  America  and  our 
colonies  during  the  last  eleven  years,  it 
was  not  until  May,  1884,  that  the  first 
cable  tramway  in  Europe  was  opened  by 
the  Lord  Mayor  of  London,  on  Highgate 
Hill.  To  those  who  had  worked  hard  in 
introducing  the  system  into  this  country, 
it  was  reassuring  to  find  how  soon  after 
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the  opening  of  this  line  the  objections 
of  the  local  authorities  disappeared,  and 
the  inhabitants  living  along  the  route 
prepared  to  vote  for  further  extensions. 
The  power  to  construct  a  tramway  up 
the  Highgate  Hill  was  obtained  by  the 
Steep  Grade  Tramway  and  Works  Co. 
during  the  session  of  1882.  In  the  sum- 
mer of  1883  that  company  requested  the 
Patent  Cable  Tramway  Corporation  (who 
own  all  the  important  patents  necessary 
for  constructing  such  lines)  to  furnish 
the  designs  for  and  construct  their  lines 
on  the  cable  system.  On  the  introduc- 
tion of  anything  new  into  this  country 
the  idea  introduced  has  usually  to  pay 
heavily  for  the  privilege,  and  this  occa- 
sion proved  no  exception,  for  the  survey- 
ors of  the  parishes  through  which  this 
line  passed  were  very  zealous  in  watch- 
ing the  interests  of  their  respective  dis- 
tricts, and  on  so  small  a  line  as  this  their 
several  requirements  proved  serious  and 
most  expensive  obstacles  to  the  comple- 
tion of  it. 

Highgate  Hill  is  a  well-known  steep 
incline  rising  from  the  junction  of  Arch- 
way Road,  Junction  Road,  and  Hollo  way 
Road,  in  the  parish  of  St.  Mary's,  Isling- 
ton ;  about  half  way  up  the  ascent  it  is 
intersected  by  two  other  parishes,  viz., 
Hornsey  and  St.  Pancras,  finishing  oppo- 
site the  old  historical  "Gate  House." 
The  summit  of  this  hill  and  its  surround- 
ings is  a  great  holiday  resort  for  Lon- 
doners, and  on  many  occasions  this  line 
has  been  severely  tested  by  excessive 
and  sudden  rushes  of  traffic,  which  would 
have  proved  too  much  for  any  other  sys- 
tem of  tramway  to  have  met. 

The  principle  of  the  system  working 
at  Highgate  is  the  same  as  on  all  the 
other  cable  lines  in  operation,  but  the 
details  of  construction  differ  in  many  re- 
spects. 

The  gauge  of  this  line  is  3  ft.  6  in., 
and  it  commences  at  the  foot  of  the  hill 
just  where  the  rails  of  the  North  Metro- 
politan line  terminate.  The  total  length 
is  3,800  ft.,  of  which  3,300  is  double 
track  and  the  rest  single.  The  total 
height  ascended  is  239  ft.,  and  the  steep- 
est gradient  is  1  in  11.  The  tube  is 
made  of  good  strong  concrete,  and  is 
connected  with  the  concrete  required  by 
the  local  authorities  for  supporting  the 
set  stones  and  rail  chairs.  Tube  frames 
of  cast  iron  weighing  120  lbs.  are   em- 


bedded in  the  tube,  at  intervals  of  3  ft. 
6  in.  The  object  of  these  frames  is  to 
support  the  J-shaped  steel  rolled  beams 
which  form  the  slot  in  the  road  for  the 
gripper  shank  ;  these  beams,  which  weigh 
36  lbs.  per  yard,  are  shown  bolted  to  the 
cast  iron  frames.  The  rail  adopted 
weighs  43  lbs.  per  yard,  and  is  that 
known  as  Dugdale's  patent.  It  is  sup- 
ported on  cast  iron  chairs  placed  oppo- 
site each  tube  frame,  to  which  they  are 
connected  by  the  bolts,  firmly  securing 
the  gauge  true  to  the  slot.  The  slot  is 
f  of  an  inch  wide.  From  the  surface 
of  the  road  to  the  bottom  of  the  tube  is 
17  inches,  and  the  width  of  the  tube  is 
8 J  inches. 

At  intervals  of  40  ft.  recesses  are 
made  in  the  concrete  for  receiving  the  12 
inch  cast  iron  pulleys  which  support  the 
cable  in  the  tube.  The  pulleys  run  loose 
on  spindles  screwed  into  castings,  which, 
are  held  in  their  places  by  bolts  built 
into  the  concrete.  The  pulleys  are  kept 
on  the  spindles  by  check  nuts,  which  can 
be  easily  taken  off  whilst  the  cable  is  in 
motion,  and  the  pulley  removed  and  re- 
placed through  the  hatch  in  the  road. 
The  hatch  covers  are  light  cast  iron 
boxes  filled  with  hard  wood,  and  are 
dropped  into  cast  iron  hatches  which 
rest  partially  on  one  wall  of  the  concrete 
tube,  and  on  the  bottom  flange  of  the  2 
beam.  The  hatch  is  built  in  by  the  pav- 
ing, and  cannot  be  detected  easily  in  the 
road.  The  pulleys  are  lubricated  by 
Stauffer's  patent  lubricators  screwed  into 
the  end  of  holes  bored  up  the  centers  of 
the  spindles.  At  the  single  portions  of 
the  track,  where  the  cable  runs  in  oppo- 
site directions  through  the  same  tube, 
the  spindles  are  made  longer,  and  two- 
pulleys  placed  on  them  instead  of  one. 
These  pulleys  are  inserted  where  the 
road  curves,  and  can  be  removed  in  the 
way  alluded  to  before.  All  the  recesses 
are  drained  into  the  sewers. 

There  are  three  portions  of  single 
track,  and  at  the  junction  of  the  double 
and  single  tracks  two  tubes  have  to  verge 
into  one.  The  slots  in  following  the 
tubes  also  converge,  and  in  doing  so 
leave  a  portion  of  the  road  between  the 
slots  unsupported.  The  designing  of 
these  points  in  cable  tramways  will  al- 
ways require  considerable  experience 
only  to  be  obtained  by  careful  observa* 
tion  during  the  working   of  such  tram_ 
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ways.  The  triangle  formed  by  the  junc- 
tion of  the  two  slots  is  a  cast  steel  trough 
which  is  rigidly  bolted  to  the  \  beams, 
and  supported  by  a  cast-iron  frame  from 
beneath.  The  apex  of  the  triangle  is  a 
strong  steel  spring  screwed  to  the  steel 
trough.  This  spring  is  sprung  under 
the  top  bend,  and  against  the  side  of  the 
Z  beam,  where  it  is  supported  on  a  plate 
bolted  to  the  side  of  the  beam.  Thus 
the  slot  is  always  open  for  the  grip  shank 
of  the  ascending  cars.  The  inside  of  the 
steel  trough  is  filled  with  set  stones, 
thus  reducing  the  metal  on  the  surface 
of  the  road  to  a  minimum. 

The  author  will  next  proceed  to  de- 
scribe the  three  brick  pits  under  the 
roadway,  and  the  machinery  in  them  for 
diverting  the  cable  at  each  end  of  the 
line,  and  at  the  point  where  it  leaves  and 
return  to  the  tube  in  passing  to  and 
from  the  driving  gear  in  the  engine- 
room. 

1st.  The  terminal  pit  at  the  bottom  of 
the  hill.  This  pit  is  rectangular  in 
shape,  18  ft.  long  by  10  ft.  wide,  and  7 
ft.  deep  from  the  surface  of  the  road.  It 
is  strongly  roofed  over  by  rolled  iron 
joists  and  concrete.  It  is  lighted  by  gas, 
and  access  is  obtained  to  it  through  a 
manhole  in  the  road.  The  machinery 
inside  this  pit  consists  of  a  narrow  cast 
iron  pulley  8  ft.  in  diameter  with  V- 
shaped  jaw ;  it  is  free  to  revolve  hori- 
zontally on  a  pin  vertically  let  into  a  cast 
iron  carriage  mounted  on  four  wheels. 
The  wheels  rest  on  and  traverse  the 
lower  inside  flanges  of  two  rolled  iron 
joists  set  at  an  inclination,  between  and 
along  which  the  carriage  is  free  to  move 
backward  and  forward.  A  chain  is  fas- 
tened to  the  lower  end  of  the  carriage, 
and  is  led  over  suitable  gear  to  a  heavy 
dead  weight,  the.  object  of  which  is  to 
keep  the  necessary  strain  upon  the 
cable. 

2d.  The  terminal  pit  on  the  top  of  the 
hill.  This  is  also  a  brick  pit  18  ft.  long 
and  4  ft.  10  in.  wide,  and  10  ft.  deep  from 
the  surface  of  the  road.  From  the  draw- 
ing it  will  be  seen  that  the  parts  of  the 
cable  approaching  and  returning  to  and 
from  this  pit  are  quite  close  together ; 
the  cable  has,  therefore,  to  be  returned 
to  the  tube  in  a  different  way  to  that 
adopted  in  the  lower  pit.  As  the  slot 
passes  over  a  portion  of  this  pit,  the 
roofing  is  arranged  to  carry  the  castings 


for  supporting  the  slot  beams.  In  this 
pit  are  two  cast  iron  pulleys  of  8  ft.  di- 
ameter, one  placed  immediately  in  front 
of  the  other,  one  revolves  in  a  vertical 
plane,  whilst  the  other  is  canted  suffi- 
ciently to  throw  its  top  out  of  plumb  the 
same  distance  as  from  center  to  center 
of  cable  when  passing  through  the  single 
track. 

3d.  The  pit  in  front  of  the  engine- 
house  is  also  of  brick,  and  is  so  con- 
structed as  to  be  approached  from  the 
engine-room.  It  contains  four  8-feet 
pulleys.  The  tube  slot  runs  the  length 
of  this  pit.  The  slot  beams  here  are 
bolted  to  special  castings,  which  are 
mounted  on  short  cross  iron  joists  rest- 
ing on  longitudinal  joists.  This  arrange- 
ment leaves  the  slot  open  to  the  pit  be- 
neath. The  engine  room  is  in  the  base- 
ment of  the  depot,  the  ground  floor  of 
which  is  used  as  the  car  shed. 

In  selecting  the  engine  for  working 
this  line  two  important  points  had  to  be 
taken  into  consideration,  first,  that  they 
should  have  a  most  sensitive  automatic 
cut-off  valve  gear;  and  second,  that  they 
should  be  powerful  enough  to  do  the 
work  of  an  extension  two  miles  long. 
The  nature  of  the  work  on  cable  tram- 
ways varies  so  much  and  so  quickly  that 
within  an  incredibly  short  space  of  time 
the  engines  may  be  seen  both  working 
hard  and  hauled  around  by  the  load.  The 
engines  chosen  were  a  pair  of  high-press- 
ure horizontals,  with  cylinders  14  by  28 
inches,  built  by  Messrs.  Grafton  &  Co., 
of  Cannon  Street.  They  are  fitted  with 
Collmann's  patent  valve  gear,  which  the 
author  considers  a  very  good  one  for  the 
purpose,  and  he  is  thoroughly  satisfied 
with  the  way  these  engines  have  always 
done  their  work,  the  valve  gear  being  so 
effective  that  the  brake  arranged  to  act 
on  the  fly  wheel  is  never  called  into  play. 
The  engines  can  be  disconnected  and 
worked  separately  when  required. 

On  the  engine  shaft  is  fixed  a  cast  iron 
helical  toothed  pinion  which  gears  into 
a  larger  cast-iron  wheel  keyed  on  a 
countershaft,  which  also  carries  the  grip 
pulley.  It  is  this  pulley  which  does  all 
the  work  of  hauling  in  the  cable  from 
the  road.  The  jaws  are  of  a  long  }[ 
shape,  and  can  be  adjusted  by  thinning 
down  or  packing  up  the  wood  bolted  be- 
tween the  segment  castings  which  form 
the  jaws.     Although  the \  author  consid- 
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ers  this  class  of  pulley  gives  the  cable  a 
rather  severe  pinch,  he  is  satisfied  it  re- 
leases the  cable  freely,  which  is  a  great 
point  in  its  favor,  especially  when  used 
as  at  Highgate.  These  pulleys  were  made 
by  Grant,  Eitchie  &  Co.,  of  Kilmarnock. 
Immediately  in  front  of  the  grip  pulley, 
and  in  line  between  it  and  the  pulleys,  is 
the  arrangement  for  taking  up  the  slack 
of  the  cable,  which  is  something  consid- 
erable when  new  or  freshly  spiced. 
Changes  in  the  atmosphere  will  also  af- 
fect the  lengths  of  the  cable.  This  tak- 
ing-up  arrangement  consists  of  two  long 
rolled  joists  laid  parallel  to  each  other, 
18  inches  apart  and  a  little  above  the 
floor  level.  On  the  top  flanges  of  these 
joists  are  mounted  two  8  feet  pulleys,  the 
shaft  of  the  one  nearest  to  the  grip 
pulley  turning  in  journals  forming  part 
of  a  horseshoe  shaped  casting,  which  is 
arranged  to  be  moved  either  way  along 
the  tops  of  the  joists  by  suitable  screw 
gearing.  The  front  pulley  is  fixed  on  a 
shaft  which  turns  in  journals  bolted 
firmly  to  the  flanges  of  the  joists.  This 
latter  pulley  can  be  moved  forward  from 
time  to  time  and  bolted  down  as  before, 
the  operation  being  repeated  as  often  as 
the  stretching  of  the  cable  has  exceeded 
the  capability  of  the  sliding  pulley  to 
take  it  up. 

The  boilers  for  supplying  the  engines 
are  those  known  as  the  Babcock  &  Wil- 
cox sectional  type,  with  water  tubes,  and 
are  worked  up  to  100  lbs.  pressure.  This 
class  of  boiler  is  being  used  very  much 
in  the  States  on  cable  tramways.  For 
feeding  the  boilers,  a  small  vertical 
donkey  pump  and  an  exhaust  injector 
have  been  provided,  the  latter  delivering 
the  water  into  the  boilers  at  a  tempera- 
ture of  about  180°  Fahr. 

The  author  having  thus  far  briefly  de- 
scribed all  the  places  and  -machinery 
through  and  over  which  the  cable  has  to 
work,  he  now  proposes  to  make  one 
round  trip  with  it,  and  point  out  its 
travel.  The  speed  of  the  cable  is  six 
miles  per  hour.  Starting  from  the  top 
of  the  grip  pulley,  the  cable  makes  one 
half  turn,  and  passes  to  the  farthest  and 
fixed  pulley  on  the  taking-up  gear;  it 
there  makes  one  half  turn,  and  comes  to 
the  top,  and  passes  over  the  pulley  in  the 
horseshoe  casting,  where  it  is  again  sent 
down  and  straight  off  to  the  bottom  of 
the  left-hand  pulley,  which  directs  it  up 


to  the  large  pulley  set  in  line  with  the 
tube  in  the  road,  whence  it  is  sent  on  its 
way  down  the  hill  supported  on  pulleys. 
On  nearing  the  bottom  of  the  hill  the 
tube  is  not  led  straight  into  the  lower 
pit,  but  is  carried  round  between  the 
tracks  of  the  first  turn-out.  The  cable 
leaves  the  tube  at  this  point,  and  passes 
through  10-inch  pipes  into  the  lower  pit, 
and  on  to  the  horizontal  pulley,  which 
directs  it  into  the  up-hill  tube,  in  passing 
through  which  it  is  supported  in  the 
same  manner  as  in  the  down-hill  tube. 
Upon  reaching  the  upper  terminal  pit, 
the  cable  passes  the  first  pulley  on 
to  the  top  and  over  the  second,  around 
which  it  makes  a  three-quarter  turn,  and 
is  sent  up  to  the  top  of  the  first  pulley, 
which  is  slightly  canted  to  return  it  into 
the  tube,  close  to  the  up-hill  portion  of 
the  cable  ;  from  it  the  cable  passes  down 
the  hill  until  it  reaches  the  pulleys,  where 
it  is  deflected  downwards  and  into  the 
engine-room,  where  it  rises  gently  until 
it  again  reaches  the  grip  pulley  from 
which  it  started.  The  long  length  of 
cable  which  passes,  in  sight,  through 
the  engine-room,  enables  any  fracture  of 
a  wire  to  be  quickly  detected,  which 
can  be  remedied  at  once  or  at  night  as 
the  importance  of  it  demands.  The 
cable  used  is  8,200  ft.  long,  and  is  3 
inches  in  circumference.  It  is  made  up 
of  114  crucible  steel  wires  of  No.  16 
wire  gauge,  and  formed  into  six  strands 
wrapped  around  a  hempen  core.  The 
guaranteed  tensile  strain  of  this  cable 
was  80  tons  to  the  sectional  square  inch. 
The  gripper  is  made  of  cast  steel,  and 
consists  of  two  principal  parts,  one  of 
which  is  in  the  same  piece  with  the  lower 
and  movable  jaw,  and  the  other  with  the 
upper  and  fixed  jaw.  The  wedge  shown, 
in  being  forced  into  or  withdrawn  from 
a  shoe,  raises  or  lowers  the  casting  hold- 
ing the  lower  jaw.  The  cable  is  thus 
seized  firmly  or  slightly  or  allowed  to 
run  through  the  jaws,  as  it  may  be  re- 
quired that  the  cars  should  travel  full 
speed,  slow,  or  stand  still  ;  and  by  open- 
ing the  jaws  wide  the  cable  automatically 
leaves  the  gripper.  The  jaws  are  lined 
with  soft  pieces  of  cast  iron,  which  can 
be  easily  and  quickly  removed  and  re- 
placed. Two  grippers  are  fitted  to  each 
car,  one  on  each  end. 

The  grippers  have  hold  of  the  cable 
whilst  descending  as  well  as  in  ascend- 
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ing  the  bill,  and  only  release  it  at  the 
termini  and  in  passing  the  pulleys  in 
front  of  the  engine-room.  At  the  latter 
place,  as  the  cars  slowly  near  the  pulley, 
the  drivers  open  their  grippers  wide,  and 
the  cable  automatically  leaves  the  jaws. 
The  cars  then  descend  by  gravitation 
along  the  few  feet  of  deviated  track,  the 
object  of  which  is  to  take  the  grippers 
past  and  clear  of  the  pulleys.  On  the 
cars  again  reaching  the  straight  track, 
the  cable  automatically  slides  into  the 
jaws  of  the  grippers  left  open  to  receive 
it,  and  the  drivers  have  only  to  screw  up 
their  grippers.  when  the  cars  are  again 
carried  on  at  the  speed  of  the  cable. 

This  being  the  first  cable  line  in  Eng- 
land, for  obvious  reasons  it  was  consid- 
ered advisable  to  try  more  than  one  form 
of  car,  and  at  Highgate  there  are 
now  four  distinct  types  of  cars  work- 
ing. 

1st.  An  ordinary  short  wheel-base 
tramcar  with  inside  and  outside  seats, 
but  not  arranged  to  carry  a  gripper. 

2d.  A  dummy  or  open  car  which  has  a 
gripper  each  end.  This  car  and  the  first 
are  worked  coupled  together,  and  demon- 
strates the  ease  with  which  the  rolling 
stock  of  other  lines  of  any  system  can 
be  attached  to  and  carried  on  by  the 
cable  cars. 

3d.  A  bogie  car  of  an  ordinary  design 
with  gripping  arrangements  at  each 
end. 

4th.  A  long  bogie  car  to  carry  60  pas- 
sengers fitted  with  gripping  arrangement 
each  end ;  this  has  proved  a  very  remun- 
erative type  of  car. 

All  the  cars  are  fitted  with  two  classes 
of  brakes,  one  of  common  design  which 
acts  on  the  tires  of  the  wheels ;  the 
other  a  slipper  brake  which  acts  vertical- 
ly on  the  rails.  The  latter  brake  con- 
sists of  an  iron  frame  firmly  secured  to 
the  bottom  of  the  car  ;  inside  this  frame 
slides  a  shoe  fitted  with  a  long  block  of 
hard  wood,  which  the  driver,  through  an 
arrangement  of  powerful  levers,  can 
quickly  force  down  on  the  rails,  thus 
utilizing  a  part  or  the  whole  of  the  dead 
weight  of  the  cars  and  passengers.  This 
brake  was  severely  tested  by  Major- 
General  Hutchinson  of  the  Board  of 
Trade,  who  tried  it  on  a  car  which  was 
allowed  to  gravitate  until  it  acquired  a 
velocity  of  about  20  miles  per  hour  on  a 


grade    of    1    in    11,    when    the    car   was 
brought  to  a  standstill  within  30  ft. 

The  Highgate  tramway  has  now  been 
working  most  successfully  for  the  past 
eleven  months,  during  which  time  it  has 
carried  563,408  passengers,  with  but  two 
mishaps,  which  the  author  is  glad  to  be 
able  to  say  had  nothing  whatever  to  do 
with  the  system.  Time  will  not  allow 
now  of  a  full  explanation  of  these  un- 
fortunate occurrences,  but  the  author 
suggests  that  all  interested  in  the  matter 
should  refer  to  the  Board  of  Trade  in- 
spector's report  and  be  guided  by  it 
alone. 

Engineers  will  doubtless  see  at  once 
that  the  cable  system  admits  of  a  large 
increase  of  traffic,  with  but  small  pro- 
portionate increase  in  working  expenses. 
They  may,  however,  be  astonished  to 
hear  that  the  Highgate  line  has  carried 
100  per  cent,  more  passengers,  with  an 
addition  to  the  consumption  of  coal 
which  was  practically  nil.  It  must  be 
interesting  to  know  that  every  cable 
tramway  constructed  and  worked  up  to 
the  present  time  has  paid  a  dividend 
after  the  first  year's  working.  The  au- 
thor cannot  now  erive  details  of  the  com- 
parative construction  and  working  costs 
of  cable  tramways,  but  he  gives  it  from 
his  experience  that  a  saving  of  about  50 
per  cent,  can  be  generally  obtained  in  a 
cable  tramway  of  three  miles,  the  cable 
ti'aveling  at  6  miles  per  hour,  and  a  five 
minutes'  service  of  cars,  allowing  also  in- 
terest at  6  per  cent,  on  cost  of  construc- 
tion and  equipment  as  against  a  horse 
tramway  with  an  average  speed  of  4^ 
miles  per  hour. 

There  is  little  doubt  that  the  time  has 
arrived  in  England  when  horse  traction 
on  tramways  must  be  superseded  by 
mechanical  motors.  Therefore,  in  com- 
paring the,  relative  merits  of  the  known 
systems  able  at  present  to  compete,  it 
will  be  important  to  remember  that  there 
is  a  large  mileage  of  tramway  rails  al- 
ready laid  in  various  parts  of  the  United 
Kingdom  which  would  be  too  light  to 
bear  the  heavier  traffic  of  locomotives 
depending  on  adhesion,  thus  at  the  out 
set  giving  the  cable  system,  even  on  level 
roads,  an  advantage  over  steam,  com- 
pressed air,  and  electricity,  an  advantage 
which  increases  very  rapidly  with  the 
severity  of  the  grades,  until  a  point  is 
reached  when  the  cable  system  only  can 
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ascend,  and  even  then  work  almost  as 
easily  as  on  the  level.  The  latter  state- 
ment is  perhaps  at  first  hard  to  believe, 
but  its  correctness  will  be  apparent  when 
it  is  remembered  that  the  cable  cars  in 
descending  hills  still  retain  a  hold  of 
the  cable,  thus  utilizing  their  weight  due 
to  gravity  in  hauling  up  the  ascending 
cars,  a  power  which  on  all  other  systems 
is  thrown  away  by  the  application  of 
brakes  in  descending  grades. 

The  author  will  conclude  by  tabulating 
some  of  the  advantages  of  cable  tram 
ways,  as  follows : 

1.  The  steepest  grades  are  as  easy  to 
work  as  levels,  the  weight  of  descending 
cars  being  utilized  to  pull  up  ascending 
cars. 

2.  The  cars  when  taking  up  or  setting 
down  passengers  are  absolutely  station- 
ary, the  hauling  power  being  practically 
detached  for  the  time,  thus  in  cases  of 
necessity  to  avoid  collision  or  danger 
to  life  the  cars  can  be  brought  up  in- 
stantly. 

3.  The  method  of  working  is  noise- 
less. The  stopping  and  starting  of  cars 
is  performed  so  gradually  as  to  be  almost 
imperceptible. 

4.  Fewer  cars  are  required  on  the  road 
to  do  the  same  work,  because  the  more 
uniform  speed  gives  a  greater  mileage 
per  car,  and  consequently  a  larger  carry- 
ing capacity. 

5.  Sudden  increase  of  traffic  can  be 
accommodated  to  a  practically  unlimited 
extent  by  merely  bringing  more  cars  on 
to  the  line,  the  motive  power  being  al- 
ready provided,  and  in  action. 

6.  Considerable  reduction  in  wear  and 
tear  of  the  surface  of  the  road  as  com- 
pared with  horse  haulage,  and  of  the 
rails  as  compared  with  lines  on  which 
engines  are  working ;  the  latter  often  re- 
quiring about  100  per  cent,  more  dead- 
weight to  secure  adhesion. 

7.  The  traffic  is  not  affected  by  snow  or 
frost,  as  evidenced  by  the  following  ex- 
tract from  a  letter  by  the  Superintendent 
of  the  Chicago  City  Tramway  Company : 
"  Though  we  had  at  one  time  frost 
(snow)  two  and  a-half  feet  deep,  we  did 
not  discover  any  bad  effects  in  our  con- 
struction or  operation." 

8.  It  is  the  only  mechanical  motor 
which  does  not  introduce  more  weight 
into  the  cars  than  is  required  for  horse 


tramways,  thus  saving  a  renewal  of  rails 
when  laid  lightly  for  horse  traction. 

9.  It  is  the  only  system  which  pre- 
vents cars  running  away  in  descending  a 
hill,  when  all  brakes  have  failed. 

10.  Its  very  low  cost  of  working,  as 
compared  with  other  systems,  ensures  its 
financial  success. 

11.  It  is  the  only  system  which  is  not 
seriously  affected  by  the  proverbial  dirty 
tram  rail. 

12.  Perfect  cleanliness  of  carriage 
way,  a   very   important  sanitary  advan- 


13.  The  extinction,  wherever  cable 
traction  is  introduced,  of  the  barbarous 
horse  system — a  cruelty  unworthy  of 
humanity  and  civilization. 


r  Tampering  of  Metals  by  Cold  Flow. — The 
JL  tempering  of  metals  during  the  opera- 
tions of  drawing  and  spinning  are  well  known 
to  all  conversant  with  the  details  of  such  work. 
Cartridge  tubes  must  be  anDealed  between  the 
several  operations.  Ward's  process  of  making 
bolts  by  the  cold  flow  of  iron,  also  requires  that 
such  bolts  be  annealed  before  the  threads  are 
cut ;  even  in  flat  plates,  it  is  known  that  the  roll 
temper  of  thin  flat  plates  of  brass  or  steel  is  very 
uniform.  It  is  stated  that  when  Mr.  A.  H. 
Emery,  of  New  York,  was  engaged  in  making 
his  testing  machine  for  the  United  States  Gov- 
ernment, the  result  of  exhaustive  experiments 
upon  the  subject  showed  that  the  temper  of  steel 
plates  as  they  are  rolled  is  more  uniform  than  is 
possible  by  any  later  tempering.  Some  recent 
experiments  on  the  substitution  of  low  steel  for 
copper  and  brass  in  the  manufacture  of  cold- 
drawn  tubing,  showed  that  in  the  process  of 
drawing  the  steel  became  very  hard  and  of  in- 
creased tensile  strength.  This  new  feature  is  ex- 
tending the  uses  to  which  low  steel  can  be  ap- 
plied. A  cannon  has  been  made  from  such 
metal  by  drawing  a  6-inch  tube  with  walls  £  inch 
thick  ;  a  7-inch  tube  was  drawn  cold,  and  when 
warmed  was  forced  over  the  first  tube  ;  a  third 
tube  was  fashioned  in  like  manner  8  inches  in 
diameter,  and  when  forced  over  the  other  two, 
completed  a  6-inch  gun,  with  walls  1^-  inch 
thick,  and  cylindrical  in  outline.  It  is  claimed 
that  such  a  gun  of  this  dimension,  which  has 
been  submitted  to  the  United  States  Ordnance 
Board  for  examination,  has  sustained  a  water 
pressure  of  75,000  lbs.  per  square  inch ;  this 
corresponds  to  a  tensile  stress  of  100,000  lbs.  per 
square  inch  of  metal.  Be  it  so ;  admitting  that 
the  gun  did  withstand  such  a  pressure  once,  it 
is  no  measure  of  the  resistance  which  can  be  re- 
lied on  as  a  safe  working  pressure  of  the  impact 
of  explosion  of  powder.  Some  enthusiastic  trav- 
eler, on  learning  that  the  tensile  strength  of 
certain  tropical  spiders'  webs  is  greater  than 
that  of  steel  wire,  has  jumped  to  the  conclusion 
that  the  ideal  cannon  would  be  made  by  reeling 
such  webs  around  a  thin  steel  tube. 
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The  invention,  by  M.  De  la  Bastie,  of 
so-called  toughened  glass,  which  caused 
a  great  sensation  at  one  time,  induce  1 
the  author  of  this  paper  to  give  close 
attention  to  the  subject,  which  he  pro- 
poses to  bring  before  the  society  on  the 
present  occasion.  Being  a  glass  manu- 
facturer, there  was  every  reason  why  he 
should  interest  himself  in  an  invention 
which,  entering  the  lists  with  great  pre- 
tensions, claimed  not  only  to  revolution- 
ize the  glass  trade  as  it  then  existed,  but 
to  supply  a  new  material  which  should 
take  the  place  both  of  glass  and  metals. 
The  author  soon  discovered  that  the  De 
la  Bastie  process  could  lay  no  claim  to 
the  advantages  to  which  it  pretended, 
being  indeed  not  a  real  manufacturing 
process  at  all,  but  rather  a  somewhat 
impracticable  addition  to  knowD  meth- 
ods of  glass-making.  The  wholly  fin- 
ished articles  to  be  toughened  had  gene- 
rally to  be  annealed  in  the  first  instance 
by  one  or  other  of  the  usual  means,  and 
thereafter  to  be  heated  to  such  a  degree 
as  to  render  them  soft ;  they  were  then 
immersed  in  a  bath  of  heated  oil,  or 
other  fluid,  capable  of  being  maintained 
at  a  temperature  of  from  350°  to  400°  C. 
without  evaporation.  The  toughening 
of  finished  articles  of  glass  in  this  way 
is  not  only  a  very  costly  addition  to  the 
original  process  of  manufacture,  but  the 
articles  themselves  are  very  liable  to  have 
their  shapes  spoilt  and  their  surfaces  in- 
jured. But  besides  these  objections, 
there  is  another  important  point  to  be 
considered,  which  is,  the  liability  of 
toughened  glass  to  burst  suddenly  into 
small  fragments,  either  spontaneously  or 
by  a  sudden  shock,  like  the  well-known 
Prince  Rupert's  drops,  formed  by  drop- 
ping fluid  glass  into  water,  whose  pecu- 
liarity of  breaking  up  into  powder  has 
been  generally  supposed  to  be  due  to  the 
sudden  cooling  of  the  soft  or  fluid  glass. 
This  theory  is,  however,  only  condition- 
ally correct,  inasmuch  as  the  cooling  in- 
fluence which  acts  from  the  surface  in- 
wards is  not  in  proporton  to  the  bulk  of 
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the  glass,  but  to  its  surface,  and  must 
always  act  more  quickly  on  those  parts 
where  the  surface  is  large  in  comparison 
with  the  volume.  Even  the  simplest 
form — a  sheet,  for  instance — cools  more 
quickly  at  the  edges  than  in  the  middle, 
owing  to  the  large  surface  for  cooling 
which  the  edges  offer.  If,  however,  the 
cooling  is  regulated  so  that  at  every  in- 
stant of  time  the  temperature  of  the 
article  is  uniform  throughout,  no  internal 
tension  or  strain  can  arise,  and  there  will 
consequently  be  no  tendency  to  crack  or 
break  in  the  way  described. 

The  author,  having  satisfied  himself 
by  a  series  of  experiments  of  the  true 
cause  of  the  spontaneous  fracture  of 
glass,  has  invented  processes  of  manu- 
facture by  means  of  which  glass  may  be 
thoroughly  toughened,  or  as  he  prefers 
to  call  it,  hardened.  The  principle  upon 
which  the  processes  depend  consists  in 
cooling  the  glass,  not  in  proportion  to 
its  surface,  but  to  its  volume  or  capacity 
for  heat.  The  method  employed  will  be 
readily  understood  by  considering  a  sheet 
of  uniform  thickness,  which,  after  hav- 
ing been  heated  uniformly  to  a  sufficient 
degree,  must  be  cooled  on  the  surfaces 
of  its  two  parallel  sides  only,  leaving  the 
edges  uncooled.  This  is  done  by  plac- 
ing the  heated  sheet  of  glass  between 
two  cold  slabs  of  suitable  material,  pre- 
pared in  a  peculiar  manner.  Uniform 
cooling  of  the  whole  sheet  is  thus 
secured,  no  matter  what  its  shape,  be- 
cause the  edges  are  not  subject  to  the 
cooling  influence  caused  by  the  surfaces 
between  which  the  glass  is  placed.  The 
plan  adopted  for  various  articles  varies 
with  their  shapes  ;  but  it  is  on  the  prin- 
ciple of  uniform  heating  and  cooling 
that  the  author's  processes  of  manufactur- 
ing hard  glass  are  based.  Of  these  the 
two  principal  are  known  as  press  harden- 
ing and  casting ;  but  besides  these  there 
is  a  third,  theoretically  less  perfect  than 
the  others,  viz.,  semi-hardening  or  hard- 
tempering.  This,  though  less  important, 
may  be  advantageously  employed  where 
presses  would  be  unsuitable,  and  casting 
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impossible  or  difficult,  as  in  the  case  of 
bottles,  lamp  chimneys,  &c.  Press-hard- 
ened glass  has  now  been  made,  with  con- 
stantly increasing  success,  for  six  years, 
at  the  author's  Dresden  glassworks.  The 
output  has  steadily  increased  more  than 
50  per  cent,  annually,  from  £600  value  in 
the  first  year,  until  last  year  it  amounted 
to  over  £7,000,  or  more  than  ten  times 
as  much.  As  there  is  no  indication  of  a 
diminution  in  the  rate  of  increase,  the 
author  anticipates  that  the  manufacture 
will  assume  large  proportions.  ■  The 
articles  are  mainly  of  plate  and  sheet 
glass,  either  flat  or  bent  into  a  variety  of 
shapes.  Besides  plain  work,  decorated 
sheets,  such  as  sign-boards  with  enamel- 
ed inscriptions,  figures,  and  other  orna- 
ments, form  an  important  part  of  the 
goods  produced  ;  the  process,  as  already 
stated,  is,  therefore,  one  of  manufacture 
(the  goods  receiving  through  it  their 
definite  shape  and  decoration),  and  not 
simply  one  of  hardening  or  toughen- 
ing. The  glass  is  so  hard  that  the  dia- 
mond will  not  touch  it,  and  it  cannot, 
therefore,  be  cut  or  bent  after  manufac- 
ture ;  it  may,  however,  be  polished, 
etched,  and  slightly  ground ;  its  strength 
is  at  least  eight  times  that  of  ordinary 
glass.  As  only  absolutely  homogeneous 
glass  of  the  best  quality  is  suitable  for 
hardening,  care  must  be  taken  in  choos- 
ing sheet  or  plate  glass  for  this  purpose, 
so  that  it  may  not  be  in  any  way  faulty, 
or  contain  stones,  bubbles,  or  other  im- 
perfections. 

The  process  of  manufacture  is  as  fol- 
lows :  The  glass  is  first  cut  in  the  ordi- 
nary way  to  the  requisite  shape  and  di- 
mensions, and  is  then  exposed  to  the 
radiant  heat  of  a  peculiarly  constructed 
furnace  until  quite  soft;  as  soon  as  it 
has  attained  the  necessary  temperature, 
it  is  placed  between  cold  metal  plates,  to 
be  cooled  down  with  a  rapidity  which 
varies  with  the  thickness  of  the  glass, 
but  is  in  any  case  very  great.  The  heat- 
ing and  cooling  of  sheet  glass  of  ordi- 
nary thickness  last  altogether  a  minute 
and  a-half,  a  minute  being  the  length  of 
the  heating,  and  half  a  minute  that  of 
the  cooling  operation.  It  is  a  remark- 
able circumstance  that  glass  may  be  thus 
heated  and  cooled  in  so  short  a  space  of 
time  without  either  cracking  or  breaking. 
This  is  altogether  due  in  the  case  of  the 
operation   of    heating,    to   the    uniform 


temperature  of  the  furnace,  and  to  the 
heat  being  produced  entirely  by  radia- 
tion ;  should  these  conditions  not  be  ful- 
filled,  the   glass  would  break  to  a  cer- 
tainty.    As  regards   the   success  of  the 
cooling  operation,  this  depends  upon  the 
uniform  temperature  of  the  glass  before 
it  is  cooled,  and  upon  that  of  the  metal 
plates  between  which  it  is  placed  whilst 
being  cooled.     This  uniformity  of  tem- 
perature    and     the     total     absence     of 
draught,    which   would   cause    irregular 
cooling,  are  the  conditions  under  which 
the  whole  operation   can  be   carried  on 
with  assured  success.      It  is  most  essen- 
tial, as  regards  the  good  quality  of  the 
hardened   glass,   that  the  operations  of 
both    heating    and    cooling    should    be 
rapidly   performed ;    it  is  also  of   para- 
mount importance  that  the  glass  should 
be    heated    up    to    as    high    a    degree 
as  is  compatible  with  its  being   removed 
from  the  furnace  and  placed  between  the 
presses,  and  one  of  the  main  difficulties 
in  connection  with  the  process  was  the 
arrangement  of  a  proper  mode  of  hand- 
ling the  heated  glass,  considering  that  it 
is  almost   in  the   molten   state,  and   as 
pliable  as  a  piece  of  cloth.     The  temper- 
ature to  which  the  glass  has  to  be  heated 
is,  therefore,  far  in  excess  of  that  of  an 
ordinary  annealing  kiln,  and  it  is  owing 
to  the  high  temperature  employed  that 
the  glass  can  be  bent  and  shaped,  as  also 
decorated    and    enameled,    during     the 
process   of  hardening.     In  the  ordinary 
process  of  enameling,  the  glass  can  be 
exposed  to  a  comparatively  low  tempera- 
ture only,  on  account  of  the  tendency  to 
get  out  of  shape.     Retorts  or  muffles  are 
generally  used,  and  the  temperature  not 
exceeding  that  of  an  annealing  kiln,  the 
process   of    heating   up   is    exceedingly 
slow,  and  the  enamel  to  be  fixed  on  the 
glass  has   to   be  of  a   very   soft,   easily 
fusible    character ;    borax   enamels    are 
generally  used,  and  even  they  cannot  be 
properly  melted  so  as  to  be  thoroughly 
incorporated  in  the  glass.     The  case  is 
entirely  different  when  glass  is  enameled 
by  the  hardening  process ;  the  tempera- 
ture  employed   being  so   much    higher,, 
and   the    heat    acting    so     much    more 
quickly,  a  more  refractory  enamel,  such 
as    that    used    for    porcelain,    becomes 
available.     While   in   the   first   case  the 
enamel  can  be  scratched  off  the   glass, 
and  does  not  resist  acids,  or  even  the  ac- 
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tion  of  the  atmosphere,  the  enamel  on 
hardened  glass  is  as  indestructible  as 
the  glass  itself.  From  this  it  will  be 
evident,  that  the  hardening  is  at  the 
same  time  the  most  perfect  enameling 
process,  and  by  far  the  cheapest,  no 
extra  heating  operation  being  required. 

It  will  now  be  readily  understood  that 
press- hardening  is  essentially  a  manufac- 
turing process,  the  same  operation  which 
hardens  the  glass  regulating  the  shape 
of  the  article,  and  fixing  upon  its  sur- 
face a  highly  refractory  and  consequent- 
ly superior  enamel,  admitting  of  varia- 
tions of  color  and  design,  practically 
unlimited.  It  would  lead  the  author  too 
far  were  he  to  attempt  to  enter  into  all 
the  details  of  the  manufacture  of  press- 
hardened  glass,  which  are  very  numerous 
indeed,  on  account  of  the  variety  of  ar- 
ticles made  ;  these  are  still  on  the  in- 
crease, and  there  is  no  saying  how  long 
this  may  continue  to  be  the  case.  The 
surface  of  the  metal  plates,  or  moulds 
used  for  the  presses  may  be  so  prepared 
as  to  produce  more  or  less  cooling  effect 
on  the  glass  as  required.  If  the  glass  is 
to  be  hardened  to  a  very  high  degree, 
the  metallic  surfaces  must  be  of  very 
high  heat-conducting  power,  such  as 
copper,  and  must  be  left  quite  bare ;  the 
glass  must  also  be  raised  to  a  very  high  i 
temperature,  as  it  would  otherwise  crack 
during  cooling.  If  it  is  proposed  to 
harden  the  glass  to  a  lower  degree,  sur- 
faces of  iron  are  used,  this  metal  not  be- 
ing so  good  a  conductor  of  heat  as  cop- 
per, whilst  the  temperature  of  the  glass 
is  also  kept  lower.  By  covering  the  sur- 
faces of  the  iron  presses  with  wire  gauze, 
their  cooling  effect  may  be  reduced  to 
any  required  extent,  so  that  a  certain 
amount  of  hardening  may  be  produced 
without  rendering  it  necessary  to  heat 
the  glass  to  such  a  temperature  as  to 
make  it  difficult  to  handle,  or  to  cause  it 
to  stick  to  the  furnace  bed.  If  a  still 
lower  degree  of  hardening  is  proposed, 
the  faces  of  the  presses  may  be  covered 
with  asbestos  paper,  or  even  clay  slabs 
may  be  employed.  It  is  very  essential 
to  the  success  of  the  hardening  opera- 
tion, that  the  heating  should  be  done 
quickly  and  by  radiation  only,  otherwise 
the  surface  of  the  goods  and  their  gen- 
eral appearance  will  be  impaired.  The 
bed  of  the  heating  furnace  must  be 
made  very  smooth,  either  by  the  use  of 


clay,  or  of  sandstone  tiles,  dusted  over 
with  talc  powder,  and  should  always  be 
kept  in  perfectly  good  order ;  whenever 
it  becomes  uneven,  or  is  otherwise  dam- 
aged, new  tiles  are  placed  on  the  old  bed. 
Semi-hardened  glass  is  made  in  the  same 
large  radiation  furnaces  as  press-hard- 
ened, by  means  of  the  hard-tempering 
process,  of  which  the  following  is  a  de- 
scription :  Finished  articles,  which  are  of 
shape  to  which  presses  cannot  be  easily 
applied,  such  as  bottles,  are  heated  up 
to  such  a  temperature  as  will  permit  of 
their  retaining  their  form  ;  each  one  is 
then  placed  in  a  casting  of  sheet  iron, 
which  is  so  arranged  that  the  heated 
article  shall  not  touch  the  inner  side  of 
the  casing.  In  order  to  effect  this,  the 
casing  is  provided  with  internal  project- 
ing ribs,  which  retain  the  glass  article  in 
position,  touching  it  only  at  very  few 
points.  The  casing  with  the  heated 
article  of  glass  within  it  is  allowed  to 
cool  in  the  open  air.  Whenever  it  is  a 
difficult  matter  to  handle  the  heated 
glass,  instead  of  placing  it  hot  into  the 
casing,  the  casing  with  the  glass  inside 
it  is  inserted  in  the  heating  furnace  for 
the  requisite  time,  and  then  allowed  to 
cool  as  before  described.  The  hard- 
tempering  process  is  only  applicable  to 
articles  of  nearly  uniform  thickness 
throughout ;  bottles  with  thick  bottoms, 
for  instance,  are  not  fit  to  undergo  the 
treatment,  as  they  would  be  apt  to 
crack  both  during  heating  and  cooling. 
The  strength  of  semi-hardened  is  about 
three  times  that  of  ordinary  glass,  and 
it  is  not  affected  to  the  same  degree  as 
the  latter  by  change  of  temperature. 
The  process  finds  much  favor,  as  the 
constantly  increasing  orders  sufficiently 
prove.  To  secure  success,  a  properly 
constructed  heating  furnace  is  of  the  ut- 
most importance  as  regards  both  proc- 
esses. As  already  explained,  it  is  neces- 
sary that  there  should  be  no  draught 
within  the  furnace,  that  the  heat  should 
be  uniform,  and  that  the  flame  should 
not  act  directly  upon  the  sheets  or  other 
articles  of  glass,  which  would  be  thus 
tarnished,  and  liable  to  break  whilst  be- 
ing heated,  or  on  cooling,  if  not  heated 
uniformly.  The  furnace  employed  is  the 
regenerative  gas  furnace,  heated  by  radia- 
tion, which  the  author  has  lately  intro- 
duced, with  great  advantage,  for  many 
industrial  purposes,  and  fully  described 
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in  a  paper  he  read  before  the  Iron  and 
Steel  Institute,  in  September  last. 

The  third  and  last  process  to  be  de- 
scribed, which  the  author  considers  the 
most  valuable  of  the  three,  is  a  peculiar 
mode  of  casting  hard  glass.  This  has 
not  yet  been  introduced  on  a  manufactur- 
ing scale,  but  the  experimental  castings 
produced  have  turned  out  to  be  quite 
satisfactory  in  every  way.  They  consist 
of  floor  plates,  grindstones,  pulleys,  tram- 
way sleepers,  and  various  ornamental 
work.  The  author  thinks  that  castings 
might  be  produced  with  advantage  for 
many  other  purposes,  especially  in  con- 
nection with  the  building  trades ;  but 
this  can  only  be  ascertained  after  works 
are  established,  which  are  now  in  course 
of  construction,  for  the  regular  supply 
of  goods  manufactured  by  this  process, 
as  already  the  case  with  the  previously 
described  processes.  Glass  may  be  cast 
in  this  way  into  a  variety  of  forms,  which 
it  would  be  impossible  to  produce  with 
ordinary  glass,  owing  to  the  liability  of 
the  latter  to  crack  whilst  cooling  ;  it  has, 
moreover,  at  least  four  times  the  strength 
of  common  glass,  and  can  be  made  much 
more  cheaply.  It  is  manufactured  in  the 
following  manner :  Glass,  melted  in  a 
tank  furnace,  such  as  described  at  the 
meeting  of  the  Iron  and  Steel  Institute, 
already  referred  to,  is  tapped  into  molds, 
as  with  iron  castings.  The  process  thus 
far  resembles  that  carried  on  in  an  iron- 
foundry,  but  differs  from  it,  inasmuch  as 
a  special  material  is  used  in  place  of  sand, 
and  that  the  mold  and  the  glass  inside  it 
are  heated  and  cooled  together.  The  ma- 
terial or  mixture  to  be  used  in  place  of 
sand  must  be  selected  so  as  to  have,  as 
nearly  as  possible,  the  same  conductivity 
and  capacity  for  heat  as  glass.  In  such 
a  case,  the  glass  and  mold  forming,  as  it 
were,  one  homogeneous  body,  the  glass 
will  cool  without  crackling,  even  if  the 
cooling  process  is  comparatively  quick, 
which  is  quite  necessary  if  hard  glass  is 
to  be  produced.  Glass  cast  in  this  way 
may  have  almost  any  variety  of  form  and 
inequality  of  thickness,  in  the  last  re- 
spect this  process  differing  entirely  from 
those  previously  described,  in  which  only 
glass  of  uniform  thickness  can  be  dealt 
with.  If  care  be  taken  that  the  surface 
of  the  glass  does  not  approach  the  out- 
er casing  of  the  mold,  it  does  not  much 
matter  how  the  cooling  is  effected.    The 


great  point  is  that  the  mold  and  glass 
should  be  brought  to  a  uniformly  high 
temperature,  which  should  be  rather 
above  that  at  which  press-hardened  glass 
is  made.  When  fully  heated,  the  mold  is 
taken  from  the  furnace  and  allowed  to 
cool  in  the  open  air,  which  generally 
acts  quickly  enough  to  produce  a  good 
hardening  effect  upon  the  glass  within. 
When  cold,  the  mold  is  opened  and  the 
glass  removed. 

It  will  be  readily  understood,  from 
the  description  given,  that  the  three  proc- 
esses differ  so  materially  from  one  anoth- 
er that  hardly  any  resemblance  remains 
to  show  that  they  are  merely  different 
ways  of  treating  differently-shaped  arti- 
cles, in  carrying  out  the  principle  of  keep- 
ing the  whole  body  of  the  glass  at  a  uni- 
form temperature  during  the  operations 
of  heating  and  cooling.  The  De  la  Bas- 
tie  process,  as  well  as  the  ordinary  tem- 
pering processes  employed,  fail  in  not 
being  founded  on  the  principle  set  forth; 
glass  toughened  by  the  De  la  Bastie 
process  being  cooled  in  a  fluid  bath,  and 
ordinary  glass  in  kilns,  the  cooling  action 
is  most  active  on  the  portions  offering 
the  largest  surfaces  to  the  cooling  influ- 
ence, and  hence  in  the  one  case  there  is 
a  strong  tension  or  strain  in  the  mole- 
cules, which  causes  them  to  break  up 
spontaneously ;  and,  in  the  other  case,  to 
counteract  that  tendency,  it  is  necessary 
that  the  glass  should  be  cooled  very 
slowly.  In  all  cooling  operations  the 
principle  developed  in  the  paper  ought 
to  be  the  ideal  aimed  at,  and  the  author 
is  convinced  that  ultimately  every  kind 
of  glass  will  be  more  or  less  hardened 
in  the  cooling  process.  There  is  no  rea- 
son why  this  should  be  done  quickly ;  it 
may  be  done  slowly,  so  as  to  allow  of 
the  glass  being  cut  and  ground  while 
still  possessing  increased  resisting  power, 
and  having  less  tendency  to  break  un- 
der the  influence  of  change  of  tempera- 
ture. In  the  future,  hardened  glass  will 
bear  the  same  relation  to  ordinary  glass 
that  steel  now  bears  to  iron.  It  will,  of 
course,  be  a  long  time  before  this  is 
brought  about,  just  as  it  has  taken  a 
long  time  to  develop  the  use  of  steel  to 
such  an  extent  as  almost  to  have  re- 
placed iron  in  the  market.  As  a  proof  of 
the  extent  to  which  the  production  of 
hardened  articles  of  glass  has  been  al- 
ready developed,  the  author  has  placed 
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some  samples  of  hardened  glass  on  the 
table.  The  members  of  the  Society  of 
Arts  will  thus  be  in  a  position  to  judge 
for  themselves  as  to  the  comparative 
value  of  this  glass,  as  well  as  of  its 
strength  and  immunity  from  tempera- 
ture influences.  In  the  collection  is  in- 
cluded samples  of  military  water  bottles, 
of  which  more  than  10,000  have  already 
been  supplied,  mostly  to  volunteer  regi- 
ments in  this  country,  and  glass  similar 
to  that  used  for  fitting  up  the  chart-room 
on  board  the  Inflexible,  which  was  or- 
dered after  a  report  of  trials  made  on 
board  of  the  Glatton,  where  the  tempered 
glass  withstood  the  concussion  of  the 
firing  of  heavy  guns.  From  the  steady 
progress  in  the  past  there  is  every  rea- 
son to  believe  that  in  future  the  harden- 
ing processes  described  in  this  paper 
will  bo  applied  to  all  manufactures  of 
glass  of  an  important  character. 

Several  experiments  were  made  at  the 
conclusion  of  the  paper,  to  show  the 
strength  of  the  tempered  glass,  pieces  of 
ordinary  sheet  glass  and  of  the  tempered 
glass  being  placed  on  four  corks,  and  a 
cricket  ball  dropped  upon  them  from  va- 
rious heights.  The  ordinary  glass  broke 
with  a  fall  of  about  2  feet,  whilst  in  some 
cases  the  tempered  glass  did  not  break 
except  with  a  blow  from  a  height  of  5 
feet  4  inches. 

Discussion. 

Mr.  E.  A.  Cowper  said  great  thanks 
were  due  to  Mr.  Siemens  for  bringing 
forward  this  new  manufacture  in  a  prac- 
tical form;  but  it  was  not  a  new  thing, 
nor  a  small  matter,  seeing  that  the  busi- 
ness had  risen  to  £7,000  a  year  in  six 
years.  Several  of  the  drinking  bottles 
he  had  seen  for  some  years  past,  and  they 
were  very  much  liked,  because  they  were 
clean  :  tea  could  be  put  in  them  one  day, 
and  beer  another.  The  question  of  cut- 
ting with  a  diamond  was  a  very  curious 
one.  You  could  scratch  the  surface  of 
some  of  these  sheets,  but  you  could  not 
cut  it ;  it  would  not  split  through  as  com- 
mon glass  did.  Probably  that  was  due 
to  common  glass  being  in  a  state  of  ten-  j 
sion,  which,  when  relieved  by  a  scratch, 
caused  the  glass  to  fly  right  through ;  so 
that  even  plate  glass,  half  an  inch  thick, 
would  succumb  to  the  slightest  scratch 
of  a  diamond  one-hundredth  of  an  inch 
deep.     With  this  glass  you  could  not  do 


that.  The  castings  would  be  an  im- 
portant new  manufacture.  The  temper- 
ing was  not  so  thoroughly  carried  out  in 
this  case  as  in  the  hardening  of  glass  in 
other  forms,  but  it  was  sufficiently  hard 
to  serve  as  sleepers  for  tramways  and 
railway  chairs  for  electric  railways.  He 
thought,  also,  architects  would  welcome 
this  as  a  means  of  obtaining  articles  of 
various  tints,  whereas  they  at  present  had 
to  search  for  different  stones.  By  this 
process  they  could  obtain  them,  to  any 
extent,  in  various  tints,  and  in  any  form, 
by  casting.  Something  of  the  same  sort 
was  attempted  some  years  ago  by  Mr. 
Attwood,  who  used  basalt,  which  was 
cast  at  Chance's  factory  in  Birmingham. 
He  made  some  heavy  castings  for  mantel- 
pieces, and  so  on,  but  it  was  a  complete 
failure,  as  there  was  no  means  of  harden- 
ing or  probably  annealing  them.  Some 
flew  to  pieces.  One  of  the  defects  of 
the  De  la  Bastie  process  was  that  the 
articles  sometimes  suddenly  burst  into 
little  bits,  the  reason  of  which  no  doubt 
was  that,  being  dipped  into  a  liquid,  one 
part  necessarily  got  cool  before  another. 
!  If  you  wish  to  set  up  various  strains  by 
producing  various  temperatures  at  the 
same  instant  of  time,  there  you  had  the 
process  in  perfection,  for  it  was  impos- 
sible to  dip  a  glass  article  even  into  oil 
at  a  high  temperature  without  chilling  it 
in  such  a  way  as  to  produce  varying 
strains.  The  cooling  surfaces  Mr.  Sie- 
mens used  were,  first,  a  large  plate  of 
iron,  on  which  the  glass  was  quickly  laid, 
j  and  then  the  top  plate  came  suddenly 
down  upon  it,  and  it  was  squeezed  per- 
fectly flat,  so  that  every  part  was  in  con- 
tact with  the  iron.  If  it  were  merely 
laid  on  a  sheet  of  iron  the  glass  might 
cockle  a  little,  and  the  proper  effect  would 
not  be  produced.  Various  experiments 
would  be  necessary  to  give  the  exact 
comparative  strength,  and  he  should  have 
liked  particularly  to  see  experiments  on 
the  actual  tension  by  pieces  being  put  in- 
to an  hydraulic  press  and  pulled  apart.  It 
was  evident  this  product  was  very  much 
liked  in  Germany,  and  some  day,  no 
doubt,  it  would  be  equally  popular  in 
England. 

Mr.  Ludwig  Mond  said  he  had  been 
much  struck  by  the  difficulties  which  Mr. 
Siemens  had  so  successfully  overcome  in 
this  manufacture.  As  he  and  his  la- 
mented brother  had  been  the  originators 
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of  processes  which  had  wrought  such 
great  changes  in  our  art  industries,  it 
was  quite  certain  that,  in  undertaking 
this  question,  Mr.  Frederick  Siemens 
would  solve  it  successfully,  although  it 
had  baffled  the  efforts  of  others.  He  re- 
gretted that  Mr.  Siemens  had  not  given 
some  description  of  the  furnace  he  used. 
As  a  chemist,  he  might  remark  that, 
when  the  question  of  glass  turned  up, 
it  was  found  to  be  now  practically  the 
same  substance  chemically  as  that  it  was 
at  the  time  of  the  Phoenicians.  He  cer- 
tainly thought  it  would  repay  the  chem- 
ist to  attack  the  question  from  the  chemi- 
cal point  of  view,  and  see  what  could  be 
done,  not  by  mechanical  processes — by 
heating  and  cooling — but  by  attempting 
to  produce  new  chemical  compounds 
which  should  possess  the  qualities  de- 
sired. 

Mr.  J.  Head  then  drew  attention  to 
the  various  specimens  exhibited,  particu- 
larly to  the  ornamental  glass,  which  was 
ornamented  and  tempered  at  the  same 
time.  Another  useful  application  of  this 
process  was  in  enameled  plates  with 
names  and  addresses  for  streets,  &c, 
which  might  be  made  very  strong  and 
cheap.  A  sample  of  this  kind  was  not 
on  the  table,  but  one  was  being  made, 
bearing  the  name  and  address  of  the  so- 
ciety, which  would  be  presented  to  it. 
Amongst  the  other  specimens  he  drew 
particular  attention  to  a  large  casting  in 
the  shape  of  a  tuning  fork,  which  was 
very  resonant  on  being  struck. 

Mr.  Siemens  remarked  that  that  shape 
could  not  be  produced  at  all  in  ordinary 
glass  in  a  mold,  as  it  would  be  sure  to 
crack.  It  could  only  be  produced  by 
pouring  it  into  a  mold  formed  of  mate- 
rial having  the  same  heat-conducting 
power. 

Mr.  R.  W.  Wallace  referred  to  some  ex- 
periments he  had  tried  some  months  ago 
with  the  De  la  Bastie  process,  with  the 
result  that  in  almost  every  instance,  with 
a  less  glow  than  had  been  shown  to- 
night, the  object  had  suddenly  cracked, 
and  the  appearance  of  the  fractured  glass 
was  altogether  different ;  it  broke  into  a 
great  many  pieces,  and  when  you  exam- 
ined the  fracture,  it  was  evident  that  the 
cooling  was  done  in  an  altogether  dif- 
ferent manner.  The  structure  seemed 
to  be  quite  amorphous,  and  it  broke  up 
into  a  condition  like  sand.     He  had  had 


some  experience  of  these  drinking  bot- 
tles, for  two  years  ago  they  were  served 
out  to  the  Inns  of  Court  Volunteers,  who 
took  them  to  Brighton  on  one  occasion 
and  to  Portsmouth  on  another.  During 
the  whole  time  he  only  saw  one  broken, 
although  they  were  subject  to  very  rough 
usage,  such  as  knocking  the  butt  end  of 
rifles  against  them,  and  throwing  them 
about  the  floors  of  the  barrack  rooms, 
every  effort  being  made  by  the  volunteers 
to  try  and  show  that  they  were  no  better 
than  those  they  had  had  before.  In  the 
end,  however,  they  gave  unbounded  sat- 
isfaction to  every  one  who  used  them. 
He  hoped  to  hear  something  of  the  ap- 
plicability of  this  glass  for  chemical  ex- 
periments. Some  years  ago  he  tried 
some  experiments  with  retorts  toughened 
by  the  De  la  Bastie  process,  but  they 
were  not  successful.  Glass  could  be 
used  in  the  manufacture  of  sulphuric 
acid,  but  only  in  one  process ;  you  could 
not  manufacture  the  acid  continuously. 
If  you  brought  the  heat  up  gradually 
and  allowed  it  to  cool  gradually,  you 
could  concentrate  sulphuric  acid  in  a 
retort ;  but  if  you  tried  to  do  it  continu- 
ously the  retort  cracked  immediately. 
With  a  De  la  Bastie  glass  retort  he  got 
a  slightly  better  result  than  with  ordinary 
glass,  but  not  a  successful  one,  and  he 
should  like  to  hear  whether  any  attempts 
had  been  made  in  that  direction  with 
this  glass.  Of  course  he  could  see  there 
would  be  a  difficulty  in  getting  the  an- 
nealing surface  on  the  inside  of  the  re- 
tort, but  perhaps  that  might  be  met  by 
making  the  retort  wider  at  the  top.  All 
who  were  interested  in  these  matters 
owed  a  great  deal  to  the  firm  of  Siemens 
for  the  energy  and  skill  with  which  they 
had  attacked  these  problems.  Some  day, 
perhaps,  they  might  have  bells  made  of 
glass. 

Mr.  Perry  F.  Nursey  said,  about  ten 
years  ago  toughened  glass  by  the  De  la 
Bastie  process  was  brought  under  his 
special  notice.  He  was  requested  by 
some  friends  to  investigate  and  report 
upon  it,  and  for  that  purpose  he  went 
to  the  factory  near  Paris  and  saw  the 
process,  which  was  heating  the  glass  and 
plunging  it  immediately  into  hot  oil.  It 
was  singular  that  long  before  De  la 
Bastie  worked  out  that  process,  he  at- 
tempted the  very  means  which  Mr.  Sie- 
mens had  adopted,  but  without  success, 
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for  he  attempted  pressure,  adopting  the 
idea  from  Sir  Joseph  Whitworth's  proc- 
ess. He  had  had  the  honor  of  reading 
a  paper  in  that  room  on  the  subject,  and 
perhaps  some  were  present  who  wit- 
nessed the  experiments  on  that  occasion. 
To  his  mind,  those  shown  that  evening 
did  not  compare  with  those  which  he 
then  showed.  He  might  say  that  when 
he  visited  M.  De  la  Bastie's  factory,  he 
tried  an  experiment  with  a  number 
of  champagne  tumblers  which  were 
placed  edgeways  on  a  shelf.  He  fired  at 
them  with  a  saloon  rifle  at  twelve  paces  ; 
several  times  he  knocked  them  off  their 
perch,  and  one  obstinate  one  he  knocked 
off  twelve  times  in  succession,  and  only 
broke  it  at  the  thirteenth  shot.  It  was 
a  very  severe  test.  In  order  to  ascertain 
what  the  real  strength  of  the  material 
was,  he  carried  out  a  series  of  tests  in 
conjunction  with  Mr.  Kirkaldy,  and  their 
report  was  made  on  May  18,  1875. 
There  were  ten  pieces  of  tempered  and 
ten  of  untempered  glass  of  various 
lengths,  12  to  15  inches,  .and  4  inches 
broad,  and  all  the  same  thickness,  about 
0.265  inch.  They  were  placed  on  sup- 
ports giving  a  bearing  of  5  inches,  a 
block  of  wrought  iron  being  cut  out  to 
make  a  pan  beneath.  Under  each  edge 
were  laid  strips  of  indiarubber,  and  on 
the  top  was  placed  another  piece  of  rub- 
ber, and  on  that  pressure  was  brought 
from  a  knife  edge,  in  some  instances  by 
a  gradually  increasing  weight ;  in  others 
the  strips  were  placed  in  a  testing  ma- 
chine, and  the  knife  edge  brought  on 
them  horizontally.  The  mean  result  was 
that  the  ordinary  glass  stood  206.2  lbs.  ; 
the  tempered  glass  828.1.  Mr.  Cowper 
had  referred  to  the  desirability  of  having 
tensile  tests  made,  and  he  hoped  he 
would  carry  that  wish  out,  but  he  be- 
lieved it  would  puzzle  his  ingenuity,  as 
it  did  his  own  and  Mr.  Kirkaldy's,  for 
they  could  not  get  the  glass  to  be  held 
by  any  known  means ;  they  could  not 
get  a  bite  on  the  glass.  With  regard  to 
the  tests  made  by  Mr.  Wallace,  he  did 
not  think  the  material  could  have  been 
properly  tempered.  In  some  instances, 
glass  articles  made  by  English  manufac- 
turers did  not  come  out  so  well  as  those 
made  by  De  la  Bastie  himself.  Having 
quoted  from  the  report  in  the  society's 
Journal  the  account  of  his  own  experi- 
ments, he  added   that  on   that  occasion 


one  gentleman  dropped  a  plate  of  the 
glass  on  an  iron  hearth  at  a  distance  of 
from  1  foot  up  to  5  feet  without  break- 
ing it.  He  did  not  deny  that  Mr.  Sie- 
mens had  improved  on  this  process  as 
far  as  ornamentation  went,  but  he  did 
not  think  De  la  Bastie  had  attempted 
anything  of  that  kind,  though  his  glass 
could  be  ground  by  the  sand-glass  proc- 
ess. He  had  some  tumblers  at  home, 
beautifully  engraved  with  his  monogram, 
which  had  been  in  use  for  ten  years. 
The  process  had  now  dropped  into 
abeyance,  but  recently  he  understood  it 
was  being  brought  out  by  another  com- 
pany. 

Professor  Grylls  Adams,  F.  E.  S.,  said 
he  was  very  much  interested  in  seeing 
experiments  with  regard  to  the  breaking 
strain  of  glass,  and  one  could  judge  at 
once  by  comparison  of  the  heights  the 
amount  of  energy  actually  spent  on  the 
glass.  In  one  case  dropping  a  ball  less 
than  2  feet  broke  the  ordinary  glass, 
whilst  it  went  up  to  5.4  to  break  the  tem- 
pered glass,  and  taking  the  comparison 
betwreen  the  two,  it  would  give  an  esti- 
mate of  the  actual  energy  spent  on  the 
glass.  Of  course,  it  was  of  great  im- 
portance, in  performing  such  experi- 
ments, that  they  should  be  exactly  under 
the  same  conditions,  and  these  could 
only  be  taken,  as  a  rough  proof  that  one 
was  much  stronger  than  the  other,  and 
it  was  hard  to  judge  what  the  actual 
strength  would  be.  He  was  much  inter- 
ested in  the  strength  of  glass,  principally 
from  an  electric  point  of  view. 

Mr.  D.  Chadwick  said  he  was  disap- 
pointed at  not  seeing  any  toughened 
glass  experimented  on,  to  show  the  rela- 
tive strength  of  that  and  Mr.  Siemens'. 
He  could  endorse  all  that  Mr.  Nursey 
had  said  about  the  De  la  Bastie  glass, 
which  he  had  experimented  on  over  and 
over  again,  and  he  felt  certain  it  would 
stand  greater  violence  than  that  which 
had  been  shown  that  evening.  Mr. 
Cowper  had  spoken  of  the  way  in  which 
that  glass  was  cooled,  which  caused  it 
sometimes  to  explode  spontaneously, 
and  no  doubt  ten  years  ago  that  did 
occur,  but  as  now  made,  such  a  thing 
was  so  rare  that  practically  it  did  not 
apply  at  all. 

Mr.  McLaughlan  asked  if  any  attempts 
had  been  made  to  make  this  glass  into 


112 


VAN  nostkand's  engine  eking  magazine. 


tubes,  and  also  what  was  the  cost  as  com- 
pared with  other  materials. 

Mr.  R.  M.  Lawes  also  asked  the  rela- 
tive cost  of  manufacture  by  this  process. 
The  other  day,  on  purchasing  some 
toughened  glass,  he  found  it  was  nearly 
double  the  price  of  ordinary  glass,  if  this 
were  as  dear  as  that,  it  would  not  be 
likely  to  come  into  general  Use. 

Mr.  J.  Stone  said  he  remembered  at- 
tending the  meeting  when  the  De  la 
Bastie  glass  was  introduced,  and  it  was 
then  stated  that  slabs  of  glass  for  roofing 
purposes,  if  they  cracked  at  all,  cracked 
immediately  into  thousands  of  pieces, 
which  of  course  was  dangerous  for 
workmen,  but  he  noticed  that  this  glass 
did  not  break  at  all  in  that  manner. 

Mr.  Frederick  Siemens  said  his  proc- 
ess and  that  of  De  la  Bastie  could 
scarcely  be  compared,  because  the  latter 
was  merely  a  toughening  process,  whilst 
his  was  one  of  manufacture,  by  means  of 
which  he  shaped  and  hardened  the  glass 
in  a  single  operation,  either  by  means  of 
presses  or  casting  into  moulds,  and  in  a 
new  manner.  The  De  la  Bastie  process 
was  only  an  additional  operation,  applied 
after  the  article  was  finished  to  toughen 
it ;  but  even  for  that  purpose  it  was 
wrong,  inasmuch  as  the  cooling  influence 
acted  in  proportion  to  the  surface, 
whereas  it  ought  to  act  in  proportion  to 
the  bulk  of  the  glass.  Those  parts 
which  exposed  much  surface  to  the  cool- 
ing influence,  cooled  more  quickly  than 
those  of  less  surface,  and,  consequently, 
there  would  be  unequal  cooling  which 
should  be  avoided.  At  each  unit  of  time 
the  whole  article  should  be  at  one  tem- 
perature, and  that  could  only  be  effected 
by  regulating  its  temperature  according 
to  its  capacity  for  heat.  If  one  part  was 
cooled  more  quickly  than  another,  there 
was  a  strain  which  could  never  be  re- 
moved. For  that  reason  the  process  of 
cooling  in  a  bath  was  wrong ;  whilst  the 
slow  cooling  applied  to  ornamental  glass, 
was  expensive.  By  the  ordinary  mode 
many  articles  which  he  had  shown  could 
not  be  produced  at  all,  even  if  cooled 
ever  so  slowly,  for  they  would  have  very 
little  strength,  and  the  least  acci- 
dent would  cause  them  to  break. 
Toughened  glass  was  apt  to  break  spon- 
taneously, owing  to  the  tension  set  up 
during  the  process  of  toughening ;  gen- 
erally speaking,  if  it  did  not  break  very 


soon,  it  would  last  a  long  time  ;  but  its 
liability  to  break  was  the  reason  it  was 
expensive.  He  had  omitted  many  points 
of  detail  from  the  paper  for  the  sake  of 
brevity,  but  he  described  three  different 
processes,  in  each  of  which  there  were 
many  peculiarities.  He  had  already  de- 
scribed the  construction  of  the  furnace 
at  the  Iron  and  Steel  Institute,  and  a 
great  deal  depended  upon  it,  not  only 
as  regarded  the  success,  but  also  the 
economy  of  the  operation.  [Mr.  Sie- 
mens drew  a  rough  sketch  on  the  board  to 
show  the  kind  of  furnace  he  used,  in 
which  the  flame  was  shown  to  pass  over 
the  top  of  the  furnace  without  touching 
the  articles,  radiating  the  heat  down 
upon  them.]  On  the  bed  of  the  furnace 
were  tiles  on  which  the  articles  were 
placed.  The  flame  was  about  three  feet 
from  the  glass,  which  caused  a  uniform 
heat,  and  prevented  injury  to  the  articles 
themselves  and  to  the  bed  of  the  furnace. 
The  articles  were  removed  with  wooden 
shovels,  impregnated  with  water  glass  so 
as  to  render  them  incombustible,  and 
they  were  then  placed  upon  a  cool  metal 
plate,  upon  which  another  was  pressed 
down.  He  had  only  brought  forward 
manufactured  articles  such  as  were  sent 
out  to  be  used  ;  the  bottles  would  stand 
four  times  the  ordinary  wear  and  tear, 
and  the  sheets  eight  to  ten  times.  He 
arrived  at  this  conclusion  from  the  cir- 
cumstance that  the  breakages  of  the 
street  lamps  of  Dresden  and  Berlin  were 
now  only  about  one-tenth  what  they 
used  to  be,  and  only  cost  one-tenth  for 
repairs.  He  could  have  prepared  glass 
which  would  stand  very  much  more 
strain  than  that  tested  ;  he  might  have 
selected  pieces  which  had  stood  the  test 
already ;  but  those  shown  had  been  taken 
quite  at  random.  Sometimes  a  piece 
would  break  at  five  feet,  though  it  had 
already  stood  the  test  at  ten  feet,  or  it 
might  be  dropped  on  the  ground  several 
times  without  injury,  and  eventually 
break,  the  difference  of  result  depending 
entirely  upon  how  the  glass  was  struck. 
Bottles  and  hollow  articles  were  the 
most  difficult  to  harden  ;  the  sheets  and 
hard  castings  were  the  most  perfect,  but 
hollow  articles  could  not  be  made  very 
well  in  the  way  in  which  those  were 
made.  Pipes  might  be  cast,  moulding 
them  somewhat  as  iron  pipes  were ;  but 
it  would  require  a  little  ingenuity.     The 
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strength  of  an  article  could  be  increased 
by  heating  it  to  a  higher  temperature, 
and  cooling  it  more  rapidly,  but  there 
was  a  certain  limit  when  the  manufac- 
ture became  unsafe  ;  and  for  commercial 
purposes  it  was  necessary  to  avoid  losses 
through  breakages,  which  would  make 
the  articles  expensive.  With  regard  to 
the  price,  it  differed  very  much,  some 
articles  were  very  cheap  indeed ;  it  did 
not  cost  more  to  glaze  a  street  lamp  with 
tempered  than  with  ordinary  glass,  but 
then  the  glass  was  supplied  in  sheets 
ready  cut  to  the  exact  size,  and  the  ex- 
pense of  the  glazier's  time  in  cutting  the 
glass,  and  the  loss  thereby  occasioned, 
was  saved ;  but  it  could  only  be  intro- 
duced for  that  purpose  as  corporations 
of  towns  came  to  have  lamps  or  window 
panes  of  a  uniform  size.  Decorative 
glass  was  produced  more  cheaply  by 
this  process,  because  the  ordinary  mode 
of  decorating  was  by  an  additional  proc- 
ess which  was  very  expensive,  the  glass 
having  to  be  heated  in  a  muffle  slowly, 
besides  which  the  heat  used  to  burn  in 
the  designs  and  inscriptions  was  not  high 
enough  to  fix  them  well. 

There  was  hardly  any  limit  to  the  de- 
signs which  could  be  produced  in  this 
way;  anything  that  could  be  done  on 
porcelain  could  be  done  on  this  glass,  and 
it  could  be  done  more  cheaply.  It  would 
be  useful  for  signboards  of  houses  or 
shops,  but  there  must  be  an  establish- 
ment near  the  place  where  the  glass  is 
to  be  used,  as  it  would  not  pay  to  send 
single  sheets  from  Dresden  to  London. 
"With  regard  to  the  hard  castings,  he  had 
not  had  so  much  experience,  because  they 
had  not  yet  regular  manufacturing  estab- 
lishments, and  had  hitherto  only  manu- 
factured them  experimentally,  whereas 
real  knowledge  on  such  subjects  was  only 
to  be  attained  by  practical  working.  The 
hard-casting  process,  although  it  had  not 
yet  been  brought  out  commercially,  was, 
in  his  opinion,  one  of  the  utmost  import- 
ance, as  it  was  an  entirely  new  process, 
by  means  of  which  glass  might  be  made 
in  any  shape  which  could  be  molded,  and 
of  a  strength  which  could  not  otherwise 
be  produced.  The  material  employed 
for  molding  was  certainly  dearer  than 
the  molding  sand  used  for  castings  of 
iron.  This  was  due  to  the  circumstance 
that  it  must  not  only  be  suitable  for  mold- 
ing, but  had  to  be,  when  molded,  of  the 


same  conductivity  and  specific  heat  as 
glass.  He  was  still  making  experiments, 
so  as  to  obtain  the  most  suitable  mate- 
i  rial  for  this  purpose,  but  had  found  va- 
Irious  mixtures  of  powdered  porcelain 
and  glass  pots,  metal  turnings  and  fil- 
ings, and  such  minerals  as  heavy  spar 
and  magnetic  iron  ore,  to  be  suitable 
when  mixed  in  certain  proportions.  On 
the  whole,  these  materials  were  not  dear, 
and,  as  regarded  the  labor  and  expense 
of  molding,  it  would  probably  be  about 
the  same  for  castings  of  glass  as  of  iron. 
As  a  manufacturer,  he  looked  upon  cost 
as  a  most  important  matter  for  consider- 
ation, as,  however  good  a  thing  might  be, 
it  was  of  no  value  commercially  unless 
cheap  enough  to  find  buyers.  As  re- 
garded the  hard-cast  glass,  he  could  pro- 
duce a  hundredweight  of  castings  for 
about  5s.  6d.,  which  should  be  cheap 
enough  for  any  purpose  for  which  it  was 
proposed  to  be  used.  He  was  now  erect- 
ing a  factory  which  would  be  at  work  in 
a  couple  of  months'  time,  and  later  on  he 
should  be  pleased  to  give  the  society  fur- 
ther information  on  the  subject.  He  felt 
quite  satisfied  that  orders  would  come  in, 
for  his  hard-glass  castings  supplied  a 
want  which  was  felt  on  all  sides.  Glass 
I  was  not  liable  to  oxidation  or  to  wear 
I  away,  and  as  soon  as  it  could  be  depend- 
i  ed  upon  for  strength,  and  could  be  made 
cheaply,  it  would  be  applied  for  pur- 
poses for  which  metals,  stone  and  porce- 
lain had  hitherto  been  used.  If  a  factory 
were  established  in  London,  he  believed 
a  great  trade  would  spring  up. 

Mr.  Wallace  asked  if  slag  could  be 
utilized. 

Mr.  Siemens  said  it  depended  largely 
on  what  the  slag  consisted  of,  for  this 
varied  very  much.  The  only  advantage 
would  be  in  running  it  direct  from  the 
blast  furnace,  so  that  it  need  not  be  re- 
melted,  whilst  there  was  the  disadvantage 
that  it  contained  no  alkali. 

Mr.  Head  remarked  that,  considering 
these  articles  were  only  one-third  the 
density  of  iron,  and  cost  5s.  per  cwt., 
they  would  be  really  very  much  cheaper . 

In  reply  to  the  chairman  (Professor 
James  Dewar,  F.  K.  S.) — 

Mr.  Siemens  said,  one  physical  property 
in  which  this  glass  was  different  from 
other  glass  was  that  it  stood  changes  of 
temperature  better.     It  might  be  a  little 
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more  elastic,  but  it  was  not  tough,  only 
hard. 

The  chairman  said  that  the  specimens 
of  the  De  la  Bastie  glass  which  he  had 
seen  in  the  field  of  the  polariscope  at 
once  revealed  enormous  strains ;  he  should 
like  to  know  if  this  glass  showed  anything 
of  the  same  kind. 

Mr.  Siemens  said  it  showed  something, 
but  not  much. 

Professor  Adams  said  he  should  like  to 
have  the  opportunity  of  testing  this 
glass  in  that  way.  There  was  no  ques- 
tion that  the  toughened  glass  was  very 
much  under  strain,  because  the  usual  fig- 
ures of  unannealed  glass,  depending  on 
the  shape  of  the  glass,  were  very  clearly 
marked. 

Mr.  Siemens  said  if  they  could  ever 
come  to  such  perfection  as  to  cool  actu- 
ally in  the  ideal  way,  that  appearance 
would  be  taken  away.  Some  pieces 
showed  it  more  than  others. 

The  chairman  said  this  was  a  most  in- 
teresting communication  in  every  respect, 
and  fully  worthy  of  the  Siemens  family. 
They  always  found  in  the  papers  of  Mr. 
Siemens  and  his  brother  that  they  began 
on  some  perfectly  definite  basis  to 
achieve  a  particular  result.     Any  one  at- 


tacking this  problem  for  the  first  time 
would  hardly  have  thought  of  trying  in- 
dustrially to  eliminate  from  any  given 
surface  of  glass  a  quantity  of  heat  which 
should  be  perfectly  uniform  and  definite ; 
and  that,  achieving  that,  you  might  do 
it  at  as  rapid  a  rate  as  you  could  attain. 
In  fact,  he  understood  that  the  more 
rapid  the  more  successful  it  would  be, 
provided  it  was  uniform.  Here  the  sci- 
entific problem  was  to  withdraw  a  cer- 
tain number  of  units  of  heat  quite  uni- 
formly, and  at  a  uniform  rate,  from  each 
side  of  a  piece  of  glass,  so  that  the  old 
idea  that  the  only  way  to  reach  uniform- 
ity in  a  plastic  solid  of  complex  nature 
like  silicate,  by  slow  cooling,  and  allowing 
the  molecules  to  gradually  attain  their 
normal  state  of  want  of  strain,  might  be 
achieved  practically  instantaneously,  if 
done  in  a  proper  way.  It  was  really  a 
most  remarkable  result,  not  only  in  itself, 
but  from  the  applications  it  was  likely  to 
open  up  in  the  future.  Nothing  succeed- 
ed like  success,  and  the  figures  given  as 
to  the  demand  for  this  manufacture  were 
sufficient  proofs  of  its  usefulness.  He 
concluded  by  proposing  a  cordial  vote  of 
thanks  to  Mr.  Siemens  for  his  admirable 
paper,  which  was  carried  unanimously. 


ON  THE  ANTISEPTIC  TREATMENT  OF  TIMBER. 

By  SAMUEL  BAGSTER  BOITLTON,  Assoc.  Inst.  C.  E. 
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II. 


DISCUSSION. 


Sir  Joseph  Bazalgette,  C.  B.,  President, 
said  the  subject  of  the  paper  was  an  ex- 
ceedingly practical  one.  Timber,  in  the 
majority  of  countries,  was  the  most  avail- 
able material  for  constructive  and  engin- 
eering purposes,  and  in  some  countries  it 
was  almost  the  only  material  which  could 
be  used.  The  great  defect  in  its  use  was 
its  want  of  durability.  Anything,  there- 
fore, which  could  remedy  that  defect,  and 
give  durability  to  the  timber,  must  be  a 
subject  of  great  interest  to  the  engineer. 
The  author  in  the  paper  had  given  the 
result  of  thirty-four  years'  experience, 
together  with  his  researches  into  what 
had  been  done  ages  before,  and  the  whole 


had  been  placed  before  the  members  in  a 
manner  showing  that  he  had  devoted  very 
great  ability  and  attention  to  the  subject. 
Although  the  author  was  commercially 
engaged  in  that  branch  of  engineering, 
he  was  sure  the  members  would  feel  that 
the  paper  had  risen  considerably  above 
the  commercial  element,  and  had  clearly 
shown  that  science  could  be,  and  had 
been,  brought  to  bear  on  industrial  art, 
so  as  to  improve  it  and  make  it  of  great 
value. 

Mr.  Boulton  remarked  that  the  subject 
of  his  paper  was  one  which  had  occupied 
his  attention  for  many  years.  He  hoped 
he  had  clearly  explained  the  analytical  in- 
vestigations by  which  he  had  sought  for 
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some  clue  to  what  was  a  rather  complex 
labyrinth,  namely,  the  kind  of  substance 
which  was  the  best  to  put  into  timber  for  ! 
its  preservation.  He  had  employed  many  ' 
of  those  substances,  and  the  conclusion  j 
at  which  he  had  arrived  was  that,  suppos-  \ 
ing  the  substance  to  be  a  good  antiseptic, 
whether,  as  in  former  times,  corrosive 
sublimate,  sulphate  of  copper,  or  chloride 
of  zinc  were  used,  or  whether  creosote 
oils,  there  was  always  a  close  connection 
between  the  durable  results  of  the  anti- 
septic and  the  immunity  of  that  antiseptic 
from  volatility  in  the  air  or  solubility  in 
water.  Timber  must  be  exposed  to  air 
for  engineering  purposes,  and  also  to 
water ;  in  some  cases  in  marine  work,  it 
was  in  the  water  altogether,  and  there- 
fore, the  antiseptic  ought  not  to  be  liable 
to  evaporation  or  to  being  washed  out 
by  the  action  of  the  water.  He  was  not 
there  to  advocate  the  use  of  the  creosote 
of  one  district  more  than  another,  because, 
commercially  speaking,  that  was  a  matter 
that  did  not  affect  him.  He  thought  that 
all  honest  creosotes  made  from  coal-tar  in 
England  were  useful  for  the  purpose  of 
preparing  timber;  but  he  thought  that 
some  of  them  were  more  useful  than 
others,  because  they  were  more  durable. 
If,  therefore,  engineers  would  take  the 
trouble  to  follow  out  his  idea,  and  study 
the  different  constituents  of  the  creosote 
oils,  remembering  which  of  them  were  the 
most  durable  and  the  least  soluble,  that 
would  give  a  clue  to  the  formation  of 
fresh  specifications  for  the  preparation  of 
timber.  He  did  not  think  that  the  pres- 
ent specifications  were  satisfactory  in  all 
respects.  Plate  6  represented  the  prod- 
ucts derived  from  Newcastle  coal,  such  as 
was  ordinarily  carbonized  in  London  gas- 
works. There  was,  as  had  been  explained 
in  the  paper,  a  different  series  of  products 
from  the  Midland  coals  ordinarily  car- 
bonized in  other  parts  of  the  country. 
Taking  the  same  coals — those  carbonized 
in  the  gasworks — and  subjecting  them 
by  carbonization  to  a  lower  temperature, 
another  class  of  products  would  be  ob- 
tained as  had  been  pointed  out  by  Dr. 
Armstrong  in  a  recent  discussion.  It 
was  as  well  that  engineers  should  bear 
that  in  mind,  as  they  were  now  witness- 
ing an  inauguration  of  a  new  series  of  in- 
dustries, namely,  the  partial  carbonization 
of  coal  in  coke  ovens,  partly  for  the  pur- 
pose of  getting  the  products  direct,  in- 


stead of  through  the  gasworks.  Those 
other  products  might  be  valuable,  but 
they  were  not  the  same  as  far  as  the 
preparation  of  timber  was  concerned,  for 
they  were  lighter  and  more  volatile.  He 
had  taken  the  trouble  to  get  some  truck- 
loads  of  different  coals  used  ordinarily 
by  the  London  gas  companies ;  he  had 
carbonized  them  on  a  large  scale  at  lower 
temperatures,  and  had  found  that  he  ob- 
tained thinner  and  lighter  oils  with  a 
specific  gravity  of  from  930  to  1,030,  in- 
stead of  from  1,045  to  1,060,  and  he  had 
a  different  class  of  products  altogether. 

Dr.  C.  Meymott  Tidy  said  it  was  twenty 
years  ago  when  he  commenced  working 
with  creosote,  and  he  was  bound  to  admit 
that  since  that  time  his  views  had  under- 
gone considerable  changes ;  but  he  sup- 
posed there  was  no  great  harm  in  that, 
for  the  views  of  engineers,  politicians,  and 
even  of  theologians,  were  constantly  shift- 
ing. The  process  of  creosoting  was  of  a 
threefold  nature.  First,  there  was  the 
physiological  action  of  rendering  the 
wood  a  poison,  so  that  animals  could  not 
or  would  not  attack  it;  secondly,  there 
was  a  chemical  action,  consisting  chiefly 
in  the  coalgulation  of  the  albumen ;  and 
thirdly,  there  was  what  he  held  to  be 
by  far  the  most  important  action  of  the 
three,  namely,  the  simple  mechanical  ac- 
tion. The  process  of  creosoting  was  prac- 
tically a  choking  up  of  the  pores  of  the 
wood  so  that  neither  air,  moisture  nor  life 
could  get  inside.  He  well  remembered 
the  late  Dr.  Letheby  drawing  up  his  orig- 
inal specification.  No  doubt  he  was  very 
strong  in  his  belief  of  the  enormous  value 
of  carbolic  acid ;  indeed,  he  regarded  it, 
as  the  author  had  stated,  as  probably  the 
most  important  ingredient  of  the  tar.  In 
the  last  specification  which  he,  Dr.  Tidy, 
had  drawn  up  a  year  ago,  and  which  was 
now  being  employed  largely,  he  had 
laid  down  three  essentials,  and  as  they 
practically  represented  the  views  which 
he  held  on  the  subject  at  the  present  time, 
he  might  be  allowed  to  refer  to  them. 
The  first  point  of  the  specification  was 
that  the  creosote  should  be  completely 
liquid  at  a  temperature  of  100°  Fahren- 
heit, no  deposit  afterward  taking  place 
until  the  oil  registered  a  temperature  of 
93°.  That  point  was  considered  very 
fully.  The  temperature  at  winch  creosot- 
ing was  performed  was  about  120°.  It 
did  not  appear  to  him  to  matter  one  iota 
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how  solid  the  creosote  was  (and  he  was 
bound  to  say  that  from  his  point  of  view 
the  more  solid  it  was  the  better),  so  long 
as  it  was  liquid  at  the  temperature  at 
which  the  creosoting  process  was  done. 
Seeing  that  the  process  was  carried  out 
at  a  temperature  of  120°,  he  thought  he 
was  right  in  specifying  that  the  creosote 
should  be  liquid  at  the  temperature  of 
100°.  The  next  point  was  (he  had  left 
out  a  specific-gravity  clause)  that,  tested 
by  a  certain  process,  the  creosote  should 
yield  a  total  of  8  per  cent,  of  tar  acids. 
He  was  aware  that  in  an  earlier  specifica- 
tion drawn  up  by  Sir  Frederick  Abel  and 
himself  about  three  years  ago,  they  speci- 
fied 10  per  cent.,  and  of  course  it  was 
only  fair  to  ask  him  why  he  had  thus  de- 
generated. Having  examined  a  very  large 
number  of  creosoted  timbers  that  had 
been  prepared  for  at  least  a  year,  he  was 
unable  to  detect  the  slightest  trace  of 
carbolic  acid  in  them.  This  fact  had  also 
been  very  prominently  and  excellently 
well  brought  out  by  Mr.  Greville  Wil- 
liams. But  although  after  a  short  period 
there  was  no  trace,  so  far  as  he  could 
make  out,  of  carbolic  acid  in  the  sleeper, 
yet  the  wood  continued  as  sound  as  ever. 
It  was  also  a  fact  that  the  earlier  timbers 
were  creosoted  with  heavy  oils  containing 
only  a  small  quantity  of  carbolic  acid, 
nevertheless  these  very  sleepers  laid  the 
foundation  of  the  success  of  creosoting 
at  a  process.  Taking  those  two  facts  to- 
gether, it  appeared  to  him  that  they  had 
hitherto  placed  an  exaggerated  value  up- 
on the  carbolic  acid.  He  did  not  wish 
to  be  misunderstood.  He  did  not  say 
that  the  carbolic  acid  evaporated,  nor  that 
it  might  not  undergo  certain  chemical 
changes  in  the  wood;  he  did  not  know 
what  took  place,  and  that  was  not  the 
place  to  discuss  the  question.  It  was  on 
the  ground,  however,  he  had  mentioned, 
that  he  had  fixed  the  quantity  of  the  car- 
bolic acid  as  low  as  was  consistent  with 
obtaining  a  genuine  creosote.  In  other 
words,  he  fixed  8  per  cent.,  not  because 
he  regarded  8  per  cent,  as  necessary  for 
the  purpose  of  creosoting,  but  because 
he  thought  from  a  large  number  of  an- 
alyses of  London  creosote,  that  by  fixing 
8  per  cent,  he  should  ensure  the  obtain- 
ing a  genuine  creosote.  In  the  other 
part  of  his  specification  he  admitted  that 
he  had  completely  altered  previous  speci- 
fications, namely,  in  requiring   that  the 


creosote  should  contain  at  least  25  per 
cent,  of  constituents  that  did  not  distil 
over  a  temperature  of  600°.  He  believed 
that  up  to  that  time  almost  every  specifi- 
cation had  required  that  the  oil  should 
contain  at  least  75  per  cent,  of  matters 
that  did  distil  over  600°.  He  entirely 
agreed  with  the  author  that  it  was  to  the 
heavier  oils  that  the  success  of  the  creo- 
soting process  was  due,  and  it  was  there- 
fore by  the  amount  of  those  oils  that  did 
not  distil  over  at  a  temperature  of  600a 
that  the  excellence  of  the  creosote  to  be 
used  for  creosoting  purposes  should  be 
determined.  It  appeared  to  him  to  be 
highly  advisable  to  get  the  heaviest  creo- 
sotes for  the  work,  and  to  insist  upon  as 
great  a  quantity  as  possible  of  the  creo- 
sote being  driven  into  the  wood. 

Dr.  H.  E.  Armstrong  said  that,  on  the 
whole,  he  concurred  in  the  views  expressed 
by  the  author.  He  thought  that  creosot- 
ing, instead  of  being  an  operation  of  a 
three- fold  character,  as  Dr.  Tidy  had 
stated,  was  of  a  one-fold  nature.  Water 
had  to  be  excluded,  because  in  excluding 
water  everything  was  excluded  which  was 
likely  to  be  harmful.  When  water  was 
introduced,  other  things  were  introduced 
with  it,  especially  certain  organisms  which 
there  could  be  no  doubt  played  a  most 
important  part  in  effecting  the  rapid  de- 
cay of  timber.  He  agreed  with  Dr.  Tidy 
that,  mechanically,  it  was  of  great  import- 
ance to  choke  up  the  pores,  but  the  ob- 
ject was  not  so  much  to  choke  up  the 
pores  as  to  prevent  the  perpetual  moist- 
ening of  the  wood.  When  wood  was 
moistened,  and  was  subject  to  frequent 
variations  in  pressure,  it  necessarily  be- 
came after  a  time  reduced  to  a  very 
spongy  condition  mechanically,  and  its 
quality  was  in  that  way  materially  affected. 
If,  therefore,  the  access  of  moisture  could 
be  prevented  an  important  point  was 
gained.  The  author  had  briefly  referred 
to  Pasteur's  experiments,  which  perhaps 
were  not  so  well  known  as  they  deserved 
to  be.  He  supposed  that  the  experiment 
to  which  special  reference  was  made  was 
that  conducted  with  sawdust.  M.  Pas- 
teur had  shown  that  if  ordinary  moist 
sawdust  had  air  passed  over  it  for  a  few 
hours,  there  was  obvious  evidence  of  de- 
cay afforded  by  the  production  of  car- 
bonic acid.  But  if  precautions  were  taken 
to  kill  all  the  organisms  attached  to  the 
sawdust  by  heating  it,  and  if  it  was  then 
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moistened  with  water  deprived  of  organ- 
isms, and  exposed  to  a  current  of  air 
carefully  deprived  of  organisms  by  filter- 
ing through  cotton  wool,  the  current  of 
air  would  pass  over  it  for  hours  without 
there  being  any  evidence  of  the  decay  of 
the  wood.  That  was  the  fundamental  ex- 
periment upon  which  the  views  of  chem- 
ists with  regard  to  the  part  played  by 
organisms  were  based  at  the  present  day. 
With  reference  to  the  author's  remark  as 
to  the  difference  between  creosote,  prop- 
erly so-called,  and  coal-tar  oils,  he  thought 
there  was  a  little  misunderstanding  on 
that  point.  The  author  stated,  *'  Creosote, 
correctly  so-called,  is  the  product  of  the 
destructive  distillation  of  wood,  and  coal- 
tar  does  not  contain  any  of  the  true  Creo- 
sote, which  has  never  been  used  for  tim- 
ber preserving."  That  was  not  quite 
correct,  because  true  creosote  contained 
a  considerable  quantity  of  carbolic  acid 
and  cresylic  acid,  which  had  been  com- 
monly regarded  as  active  constituents  of 
ordinary  creosote  oil.  With  reference  to 
what  was  really  the  active  constituent  in 
creosote  oils,  the  remarks  of  Dr.  Tidy 
met  with  his  approval  to  a  large  extent,  but 
he  should  be  inclined  to  predict  that  be- 
fore many  years  Dr.  Tidy  would  drop  his 
limit  from  8  per  cent,  to  6  per  cent.,  and 
perhaps  eventually  sink  it  altogether.  It 
was  very  much  to  be  hoped  that  that 
would  be  the  case,  because  he  thought 
that  engineers  were  using  a  material  for 
creosoting  that  ought  not  to  be  employed 
for  that  purpose,  and  probably  the  car- 
bolic acid  was  practically  of  very  little  use. 
He  did  not  think  that  the  coagulation  of 
the  albumenoids  to  which  reference  had 
been  made,  took  place  to  any  large  extent, 
*or  was  an  essential  part  of  the  process. 
That  was,  he  thought,  the  only  part  that 
could  be  assigned  to  the  carbolic  acid. 
There  could  be  very  little  doubt  that, 
within  a  comparatively  short  time,  either 
by  evaporation  or  by  being  dissolved  out, 
the  carbolic  acid  disappeared.  It  was  not 
there  in  any  form,  but  actually  went 
away.  There  was  no  probability  that  it 
would  be  fixed  in  such  a  way  as  to  escape 
attention  and  detection  by  the  tests  em- 
ployed by  Dr.  Tidy  and  Mr.  G.  Williams. 
He  was  inclined  to  think  the  action  was 
mainly  a  choking  action  as  described  by 
Dr.  Tidy,  the  access  of  water  to  the  wood 
being  prevented.  It  was  therefore  simply 
a  question  of  obtaining  an  oil  which  would 


do  that  in  the  best  possible  way,  which 
could  be  introduced  into  the  wood  with 
the  greatest  readiness,  and  would  remain 
in  it  under  ordinary  conditions,  for  the 
greatest  length  of  time ;  and  if,  as  the 
author  had  said,  with  the  oil  which  would 
exercise  that  action  engineers  could  in- 
troduce substances  like  acridine  and  other 
compounds  of  a  poisonous  character,  so 
much  the  better. 

Professor  A.  Voelcker  remarked  that, 
as  had  been  pointed  out  by  the  author, 
the  antiseptic  treatment  of  timber  had 
almost  entirely  superseded  former  meth- 
ods, and  justly  so,  for  on  the  strength 
of  past  experience  there  could  be  no 
question  that,  when  properly  carried  out, 
the  impregnation  of  timber  with  crude 
creosote  was  the  most  efficacious,  the 
least  troublesome,  the  most  persistent, 
and  the  cheapest  process  that  could  be 
adopted.  He  gathered  from  the  paper 
that  the  author  was  rather  inclined  to 
think  that  chemists  had  attached  too 
much  importance  to  the  presence  of  car- 
bolic acid  in  creosote  oil.  He  had  point- 
ed out  that  certain  alkiloids  in  coal-tar 
possessed  antiseptic  properties,  even  in  a 
higher  degree  than  phenol,  and  had  sug- 
gested whether  it  would  not  be  desirable 
to  modify  somewhat  the  specifications  is- 
sued by  the  Crown  Agents  for  the  colo- 
nies, by  the  War  Office,  and  other  public 
bodies.  Professor  Voelcker  agreed  that 
the  heavy  tar- oils  were  extremely  useful, 
and  perhaps  more  so  than  the  light  tar- 
oils,  for  preserving  timber  intended  to  be 
used  for  railway  sleepers.  He  could  not 
go  so  far  as  Dr.  Tidy,  who  had  suggested 
(he  granted  somewhat  vaguely)  that 
chemists  had  attached  far  too  great  im- 
portance to  the  presence  of  carbolic  acid 
in  crude  creosote.  But  he  would  go  as 
far  as  to  say  that  for  preserving  well- 
seasoned  old  timber,  it  did  not,  perhaps, 
matter  so  much  whether  there  was  a  high 
percentage  of  carbolic  acid  in  the  creo- 
sote, as  it  mattered  that  there  should  be 
present  in  it  a  high  percentage  of  the 
oils  which  passed  over  on  distillation 
above  610°,  because,  as  Dr.  Tidy  had 
pointed  out,  the  effect  of  these  tar  com- 
pounds was  to  close  up  the  pores  of  the 
timber,  to  render  it  impervious  to  water, 
air,  and  other  debasing  influences ;  being 
at  the  same  time  in  itself,  comparatively 
speaking,  an  imperishable  substance,  like 
all     pitchy    products    when    completely 
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dried.  But  it  should  be  borne  in  mind 
that  it  was  requisite  not  only  to  preserve 
well-seasoned  old  timber,  from  which  the 
moisture  was  expelled  almost  completely, 
but  that  of  late  years  a  great  deal  had 
been  done  in  preserving  telegraph-posts, 
gate-posts,  wooden  fencing,  hop-poles, 
and  the  like,  for  which  sapling-wood,  or 
at  any  rate  young  wood,  was  used. 
There  was  a  great  deal  of  difference  in 
the  chemical  constitution  of  the  two 
kinds  of  wood.  Sappling-wood  was  more 
or  less  filled  with  sap,  and  in  the  liquid 
which  circulated  in  it  there  were  perish- 
able substances  belonging  to  the  class  of 
albumenoids,  which  acted  as  ferments, 
and  caused  otherwise  imperishable  sub- 
stances to  decay.  The  primary  causes  of 
decay  of  green  wood  were  unquestionably 
the  albumenoid  substances ;  and  all  the 
older  processes,  such  as  the  corrosive 
sublimate,  or  kyanizing  plan,  or  the  im- 
pregnation with  other  metallic  salts, were 
based  on  the  principle  that  by  those  me- 
tallic salts,  notably  by  the  bichloride  of 
mercury  (corrosive  sublimate),  the  al- 
bumenoids were  precipitated,  and  ren- 
dered insoluble  and  incapable  of  acting 
as  ferments.  In  green  wood  also,  the 
celluloise  was  in  a  more  tender  condition 
than  in  old  wood,  where  there  was  a 
larger  proportion  of  incrusting  matter ; 
there  was,  therefore,  a  greater  reason  for 
preventing  the  first  state  of  decomposi- 
tion ;  and  he  questioned  whether  creosote, 
which  was  sometimes  extremely  poor  in 
carbolic  acid,  was  the  proper  material  for 
preserving  wooden  structures  of  the  kind 
he  had  mentioned.  No  doubt  there  was 
a  good  deal  to  be  said  in  extenuation  of 
the  qualities  of  creosote,  for  the  process 
of  preserving  wood  in  open  tanks,  was 
sometimes  unskillfully — not  to  say  care- 
lessly— conducted ;  but,  making  all  allow- 
ance for  the  imperfections  of  the  meth- 
ods for  preserving  wooden  poles  in  that 
way,  there  could  be  no  doubt  that  some- 
times creosote  answered  remarkably  well, 
and  in  other  instances  the  same  process 
tended  to  make  the  wood  more  perishable 
than  it  would  have  been  had  it  not  been 
creosoted  at  all.  That  seemed  to  be  a 
contradiction,  but  according  to  the  evi- 
dence of  those  who  had  carried  on  the 
process  with  more  or  less  success  for  fif- 
teen years  or  longer,  the  same  kind  of 
creosote  would  answer  extremely  well  for 
preserving  hard  timber  used  for  railway 


sleepers,  while  for  young  wood  it  did  not 
answer  the  purpose.  He  had  found,  from 
the  examination  of  samples  which  had 
been  sent  to  him,  that  there  were  great 
differences  in  the  composition  of  different 
creosotes.  Not  long  ago  he  had  received 
a  sample  which  yielded,  on  distillation 
from  the  boiling  point  up  to  610°,  only 
39  per  cent,  of  distillate,  containing  no 
more  than  3  per  cent,  of  carbolic  acid; 
while  another  sample  yielded  14f  per  cent, 
of  a  watery  liquid  with  a  little  light  oil, 
the  water  being  strongly  ammoniacal ; 
and  it  was  well  known  that  any  ammoni- 
acal water  left  in  the  creosote  was  extreme- 
ly injurious  to  the  timber.  The  same 
sample  only  yielded  47£  per  cent,  of  dis- 
tillate; including  4 J  per  cent,  of  crude 
carbolic  acid.  In  a  third  sample  he  found 
only  5  per  cent,  of  carbolic  acid.  He 
ventured  to  think  that  creosote  contain- 
ing as  little  as  5  per  cent,  of  crude  car- 
bolic acid  was  not  a  good  liquid  for  pre- 
serving immature  wood,  simply  because 
it  was  not  strong  enough  to  precipitate 
or  render  ineffective  albumenoid  sub- 
stances. Even  Dr.  Tidy,  in  the  recent 
modifications  of  his  views,  still  recom- 
mended that  the  creosoting  liquid  should 
contain  as  much  as  8  per  cent,  of  crude 
carbolic  acid.  A  great  deal  had  been  said 
about  the  specific  gravity  of  the  creosote. 
He  confessed  that  he  did  not  attach  very 
great  importance  to  specific  gravity,  but 
he  did  attach  great  importance  to  the 
presence  of  a  fair  percentage  of  phenol, 
or  crude  carbolic  acid,  if  it  was  wished  to 
preserve  green  wood,  such  as  that  used 
for  telegraph  posts  or  hop-poles ;  because 
it  was  essential  that  the  first  tendency  to 
subsequent  decay  should  be  counteract- 
ed, and  that  could  not  be  done  without 
the  introduction  of  a  sufficient  quantity  of 
carbolic  acid.  In  the  case  of  hard  timber 
the  main  object  was  to  fill  up  the  pores. 
There  was  not  so  much  albumenoid  matter 
present,  and  the  timber  would  keep  fairly 
well  if  moisture  was  excluded ;  that  was 
effected  by  heavy  tar  oil  which  filled  up  the 
pores,  and  rendered  the  wood  very  hard, 
so  that  there  was  not  the  same  necessity 
for  the  presence  of  carbolic  acid.  He 
could  even  understand  that  if  crude  creo- 
sote contained  a  very  small  quantity  of 
carbolic  acid,  as  in  the  case  he  had  men- 
tioned, and  if  there  should  be  a  large 
proportion  of  the  more  solid  constituents 
of  creosote,  the  pores  externally  at  any 
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rate  would  be  closed  up,  and  the  same 
thing  would  take  place  by  painting  or 
pitching  unseasoned  wood  ;  the  solid  con- 
stituents closed  up  the  pores  of  the  outer 
layers,  introducing  nothing  to  render  the 
albumenoids  ineffective  as  a  ferment,  so 
that  the  moisture  was  kept  in,  and  in  that 
way  decay  was  actually  hastened, whereas 
if  free  passage  were  allowed,  the  wood 
would  be  washed  out  and  would  keep 
longer.  Engineers  knew  from  experience 
that  green  wood,  when  thoroughly  paint- 
ed or  pitched,  decayed  more  rapidly  than 
wood  in  its  natural  state.  In  order  that 
the  point  might  be  settled  he  would  sug- 
gest that  some  experiments  be  tried  with 
creosote  containing  various  proportions 
of  carbolic  acid,  not  with  reference  to  the 
preservation  of  railway  sleepers,  but  of 
younger  wood.  Strictly  comparative  ex- 
periments should  be  made  with  crude 
creosote,  one  sample  containing  5  per 
cent.,  another  10  per  cent.,  and  a  third  15 
per  cent,  that  being  the  usual  range  of 
carbolic  acid  in  commercial  creosote. 
Some  well-conducted  experiments  in  open 
tanks  with  creosote  of  various  strengths 
would,  he  thought,  finally  settle  the  ques- 
tion. He  could  not  help  thinking  that 
it  would  be  requisite  for  the  proper  car- 
rying out  of  the  process  that  there  should 
be  something  like  10  per  cent,  of  crude 
carbolic  acid  in  the  creosoting  liquid ;  at 
any  rate,  without  further  information  on 
the  subject,  he  should  be  disinclined  to 
recommend  anybody  wishing  to  preserve 
hop-poles  or  telegraph  posts  to  use  any 
liquid  containing  a  less  amount  than  he 
had  mentioned. 

Mr.  H.  K.  Bamber  said  it  appeared  to 
him  that  the  whole  secret  of  the  paper 
was  to  be  found  in  the  paragraph,  "By 
the  light  of  the  evidence  now  accumu- 
lated, it  may  be  advisable  to  review  the 
question  as  to  the  relative  value  of  these 
various  bodies  contained  in  the  heavy  oils 
as  regards  the  preservation  of  timber. 
Some  of  them  are  becoming  valuable  for 
other  purposes.  Which  of  them  should 
the  engineer  retain  for  injecting  wood?  " 
Carbolic  acid,  if  left  in  creosote,  was 
worth  2d.  a  gallon,  and  if  taken  out  from 
4s.  to  40s.  per  gallon,  according  to  the 
state  of  purity.  The  author's  idea  ap- 
peared to  be  that  nothing  should  be  left 
in  the  creosote  which  it  would  pay  him 
better  to  take  out ;  in  fact,  there  should 
be  nothing  left  that  was  worth  more  than 


the  proverbial  2d.  He  did  not  appear  to 
see  the  difference  in  our  color  between 
j  the  two  pennies  and  the  two  sovereigns. 
|  The  difference  in  the  town-made  tar  and 
!  the  country  tar  did  not  arise  so  much 
|  from  the  difference  of  coal  used  as  from 
the  degree  of  heat  used  in  making  the 
I  gas.  In  London  it  was  desired  to  obtain 
a  harder  coke  that  would  do  for  engines, 
i  and  for  that  purpose  a  much  higher 
temperature  was  used,  and  the  most  lumi- 
nous portion  of  the  gas  first  formed  was 
decomposed  on  coming  into  contact  with 
the  sides  of  the  red-hot  retort,  the  result 
*  being  gas  charcoal,  naphthaline,  and  a 
I  gas  of  less  illuminating  power.  With  re- 
,  gard  to  Dr.  Letheby's  specification,  that 
very  specification  was  advocated  and  rec- 
ommended"by  Messrs.  Burt  and  Boulton, 
but  then  carbolic  acid  had  not  become  so 
1  valuable  when  separated.  Now  the  speci- 
fication recommended  was  drawn  up  by 
Dr.  Tidy,  and  if  the  author  could  get  his 
views  adopted  there  would  soon  be  a  very 
tidy  specification  to  work  from.  The  au- 
thor had  mentioned  some  experiments  of 
Dr.  Tidy's  with  naphthaline  injected  into 
wood,  but  he  had  given  no  facts  or  data, 
merely  expressing  his  own  opinion. 
Again,  the  experiment  was  not  similar  to 
the  exposure  of  creosoted  sleepers,  which 
were  not  subjected  to  a  temperature  of 
\  150°  Fahrenheit  in  a  closed  vessel.  He 
would  give  the  results  of  two  experiments 
that  he  had  made  in  1882,  one  with  coun- 
try oil,  condemned  by  the  author,  and 
one  with  Mr.  Boulton's  own  oil,  full  of 
naphthaline.  He  took  a  piece  of  wood 
(deal),  3  inches  by  3  inches  by  8  inches, 
and  dried  at  230°  Fahrenheit,  until  it  lost 
no  more  weight,  so  that  there  was  no 
water  left  in  it  to  cause  loss.  He  then 
kept  it  in  a  vessel  containing  the  author's 
London  creosote,  heated  to  180°  Fahren- 
heit, having  a  weight  on  the  wood  to  keep 
it  under  the  creosote.  It  took  up  1,020 
grains,  after  being  wiped  from  excess  of 
creosote  outside.  It  was  then,  on  Feb- 
ruary 7th,  1882,  placed  on  a  mantelshelf, 
where  the  temperature  was  never  above 
70°  Fahrenheit,  and  generally  between 
40°  and  50°.  It  was  repeatedly  weighed, 
and  the  loss  was  constant  until  June  5th, 
1882,  when  it  had  lost  487  grains,  equal 
to  47.75  per  cent,  of  the  creosote  put  in. 
Now,  as  there  were  only  10  per  cent,  of 
crude  tar  acids  in  the  creosote,  what  was 
it  that  made  up  the  47.75  per  cent,  loss? 
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Water  there  was  none.  The  loss  arose 
chiefly  from  evaporation  of  the  naphtha- 
line. At  the  same  time  he  treated  a  simi- 
lar piece  of  wood,  3  inches  by  3  inches 
by  6  inches — 2  inches  shorter — dried  at 
the  same  temperature,  until  it  ceased  to 
lose  weight.  It  was  then  immersed  in 
country  oil,  specific  gravity  1,045,  and 
kept  under  the  oil  by  a  weight,  but  with- 
out applying  heat.  It  absorbed  1,788 
grains  of  the  creosote,  so  that  the  wood, 
which  was  a  quarter  smaller,  took  up,  ac- 
tually, in  cold,  more  than  double  the 
quantity  that  the  other  piece  did  of  the 
author's  oil  at  180°  Fahrenheit.  The 
piece  was  placed  side  by  side  with  the 
other  on  the  mantelshelf,  and  in  four 
months  it  had  lost  575  grains,  or  42.33 
per  cent,  of  the  oil  taken  up.  But  that 
was  not  fair  to  the  second  piece  of  wood, 
for  it  was  so  saturated  that  some  of  the 
oil  drained  out  on  the  mantelshelf,  and 
of  course  contributed  to  the  loss  of 
weight,  although  it  was  not  by  evapora- 
tion. The  oil  contained  about  20  per 
cent,  crude  tar  acids.  Those  were  plain 
facts,  and  showed  that  the  author's 
contention  "that  country  oils  are  not 
good  for  creosoting  timber  because  of 
their  instability"  was  contrary  to  fact. 
The  beautiful  white  substance,  naphtha- 
line, was  liable  to  sudden  changes.  It 
might  at  one  moment  be  a  black  dirty- 
looking  substance,  and,  by  the  applica- 
tion of  a  moderate  heat,  it  became  volatil- 
ized and  condensed  into  a  lustrous  sub- 
stance. The  author,  by  Dr.  Tidy's 
-experiments,  ..ad  tried  to  make  out  that 
it  was  not  volatile.  Camphor,  although 
it  could  not  be  volatilized  by  heat  with- 
out decomposition,  yet  it  was  well  known 
that  a  piece  of  camphor,  even  when 
wrapped  in  paper  or  any  porous  mate- 
rial, would  soon  pass  away  by  evapora- 
tion ;  and  it  was  so  with  the  naphtha- 
line. Many  attempts  had  been  made  to 
prepare  tar  colors,  &c,  from  naphthaline, 
but  as  yet  without  success ;  it  was  worth 
nothing  (except  in  small  quantities  in  the 
albo-carbon  gas-burners)  when  separated 
from  the  creosote ;  and  that  was  the  rea- 
son why  it  was  so  valuable,  according  to 
the  author,  in  the  creosote.  But  if  ever, 
by  chemical  research,  naphthaline  became 
as  valuable  as  carbolic  acid,  it  would  then 
become  so  volatile  as  to  escape  from  the 
creosote  altogether,  and  chemists  would 
be  asked  to  reconsider  their  creosoting 


specifications.  As  to  the  solubility  of  car- 
bolic acid  in  water  and  alkaline  solutions, 
which  the  author  said  was  a  disadvantage, 
he  maintained  that  it  was  an  advantage, 
for  it  enabled  the  acid  gradually  to  dis- 
solve in  the  water  and  sap,  and  thus  get 
into  the  substance  of  the  wood  and  pre- 
vent decay,  while  the  other  portion  of 
the  creosote  remained  like  beauty,  only 
skin-deep.  To  say  that  because  carbolic 
acid  could  not  be  found  in  creosoted 
sleepers  after  twenty  or  thirty  years,  and 
that  therefore  it  had  nothing  to  do  with 
stopping  decay,  was  absurd.  It  might 
as  well  be  said  that  a  few  days  after  a 
large  fire  only  one  or  two  policemen  were 
found  and  no  fire-engines,  and  that  there- 
fore the  policemen  put  out  the  fire  and 
not  the  engines.  Carbolic  acid  was  an 
oxidizable  substance,  and  would  protect 
the  wood  from  oxidation  or  decay.  It 
instantly  prevented  decomposition,  and 
destroyed  the  life  of  the  germs  which 
caused  decay,  being  also  poisonous  to 
most  insects.  Dr.  Tidy  had  mentioned 
the  number  of  analyses  he  had  made, 
and  how  long  his  experience  had  lasted. 
Mr.  Bamber  might  therefore  be  allowed 
to  state  that  he  had  tested  samples  of 
creosote  for  the  last  twenty-five  years, 
and  had  practical  experience  in  the  proc- 
ess of  creosoting.  It  was  his  opinion 
that  to  creosote  timber  properly  the 
creosote  tank  must  not  be  only  the 
"  waste  tub "  for  distilling  works.  It 
was  easy  to  get  good  country  oil  with  18 
to  25  per  cent,  crude  tar  acids,  yielding 
no  deposit  of  that  volatile  substance, 
naphthaline.  He  had  met  with  some 
samples  of  so-called  creosote  that  con- 
tained nearly  half  their  bulk  of  filth,  con- 
sisting of  charred  oil,  &c,  he  presumed 
the  residues  from  anthracene  manufac- 
ture, yet  when  the  creosote  was  rejected 
every  effort  was  made  to  induce  the  be- 
lief that  it  was  some  of  the  best  creo- 
sote. 

Dr.  Albert  J.  Berneys  said  that  no  one 
could  doubt  the  conclusion  that  the  sub- 
stances preferred  should  be  germ  ex- 
cluders as  well  as  germicides,  and  those 
contained  in  the  oils  which  were  heavier 
than  water.  His  contention  would  be  to 
retain,  at  least  in  part,  and  to  the  extent 
of  2  per  cent.,  the  carbolic  acid  as  well 
as  the  naphthaline  and  the  alkaloids. 
The  arguments  in  favor  of  carbolic  acid 
were  very  strong.     Where  the  creosoted 
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timber  was  covered  up  in  the  ground  the 
solubility  in  water  assisted  in  diffusing  it 
somewhat  in  the  earth,  and  thus  extended 
its  sphere  of  action.  Nor  should  that 
solubility  be  exaggerated.  In  a  dry  soil 
the  loss  could  only  be  by  neat,  and  that 
would  also  affect  other  ingredients.  It 
said  much  for  the  durability  of  carbolic 
acid  that,  in  spite  of  the  employment  of 
heavier  types  of  tar-creosote  in  early 
days,  it  was  distinctly  present  in  many 
cases  recorded  in  the  experiments  of  Mr. 
Greville  Williams.  In  one  specimen 
wood  creosoted  thirty  years,  distilled 
with  water,  a  distinct  reaction  of  phenol 
was  obtained  in  a  case  where  most  of  the 
oil  and  all  the  naphthaline  had  disap- 
peared. In  another,  creosoted  thirty-two 
years,  the  phenol  reaction  was  very 
distinct.  In  a  third,  creosoted  twenty- 
nine  years,  the  phenol  reaction  was  very 
strong  when  distilled  with  acid,  but  was 
also  distinctly  present  in  a  free  state  ; 
whereas  there  was  no  naphthaline  and 
very  little  oil.  In  cases  where  no  free 
phenol  was  found,  it  was  discoverable  in 
combination.  The  power  possessed  by 
phenol  for  coagulating  albumen  could 
not  be  exaggerated.  He  would  not  de- 
scribe his  own  experiments  ;  but  in  his 
hospital  work  he  was  very  familiar  with 
the  high  antiseptic  power  of  carbolic 
acid.  The  experiments  of  Mr.  Greville 
Williams  with  the  white  and  yolk  of  an 
egg  only  showed  that  the  alkaloids  of 
the  tar-creosote,  weight  for  weight,  were 
equal  to  the  carbolic  acid  as  germicides, 
but  certainly  no  more;  and  that  the 
10100th  part  of  phenol  bore  no  relation 
to  the  amount  of  albumen  present.  If 
all  the  albumen  had  been  coagulated  it 
would  not  have  putrefied.  For  Mr. 
Williams  further  stated  that  1  per  cent, 
of  phenol  and  1  per  cent,  of  alkaloidals 
were  of  equal  value.  He  believed  in  the 
coagulation  theory  by  phenol  of  the 
albumen  of  the  wood,  but  unless  enough 
was  used  it  was  as  with  disinfectants.  If 
he  had  a  quantify  of  hydrogen  sulphide 
in  the  air  of  a  room,  and  he  only  used 
enough  chlorine  to  unite  with  one-half  of 
the  hydrogen  present,  where  would  the 
disinfection  be?  It  was  the  worst  of 
disinfectants  that  generally  they  could 
not  be  used  in  sufficient  quantities.  The 
benefit  of  them  was  (as  Miss  Nightin- 
gale had  said)  that  it  was  necessary  to 
open  the  window  when  they  were  used. 
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It  was  the  same  with  phenol.  If  he  did 
not  coagulate  the  albumen,  of  which 
there  was  but  little  in  the  wood,  he 
failed.  But  the  phenol  had  the  property 
and  the  additional  advantage  of  volatil- 
ity. It  took  a  long  time  for  even  the 
free  phenol  to  evaporate,  so  much  was  it 
protected  and  shut  up  by  the  oil  and 
naphthaline  in  the  tar-creosote.  And  he 
believed  that  not  only  was  carbolic  acid 
more  potent  as  an  antiseptic  than  any 
other  constituent  of  the  tar-creosote,  but 
that  it  was  present  in  larger  quantities 
than  the  alkaloids  which,  according  to 
Mr.  Williams,  were  equal  to  it  weight  for 
weight. 

Mr.  W.  Foster  regarded  the  question 
brought  forward  by  the  author,  as  to  the 
value  of  alkaloidal  substances,  as  a  very 
important  one.  In  a  paper  which  he  had 
recently  read  before  the  Institution,  he 
had  remarked  on  the  possibility  of  some 
of  the  nitrogen,  which  he  was  then  in 
search  of,  being  in  tar  in  the  condition  of 
alkalodial  bodies.  The  author  had  men- 
tioned five  or  six  of  those  nitrogenous 
bodies,  and  there  were  probably  others. 
The  recent  investigations  of  chemists, 
had  shown  that  pitch  itself  contained  an 
appreciable  amount  of  nitrogen.  Acridine, 
of  which  an  example  had  been  given  in 
the  table,  contained  the  lowest  percent- 
age of  nitrogen,  and  had  the  highest 
boiling-point.  Having  regard  to  the 
pitch,  it  was  possible  that  there  were 
other  nitrogenous  bodies  which  had  a 
still  higher  boiling-point,  and  a  lower 
percentage  of  nitrogen  than  in  the  case 
of  acridine.  The  quantity  of  those 
alkaloidal  substances  in  the  tar  was  very 
small.  There  was  no  information  as  to 
their  relative  proportions ;  and  as  the 
percentage  of  nitrogen  varied  from  17.7 
to  7.8,  it  would  not  be  wise  to  specify 
how  much  of  those  bodies  was  present  in 
the  tar.  He  thought  he  might  say  that 
there  was  not  more  than  from  3  to  4  per 
cent.  If,  therefore,  they  had  any  value 
in  the  preservation  of  wood,  their  effect 
must  be  very  powerful.  He  was  inclined 
to  look  at  the  question  of  the  preserva- 
tion of  wood  by  the  aid  of  some  facts 
which  were  a  little  outside  the  subject. 
He  might  be  pardoned  for  referring  to 
the  corrosion  of  iron.  Iron  could  remain 
permanent  in  dry  oxygen,  in  pure  water, 
or  in  pure  carbonic  acid  gas  ;  in  any  two 
of  those  it  remained  permanent ;  it  was 
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only  by  the  conjoint  influence  of  the 
three  that  corrosion  was  effected.  Pitch, 
he  believed,  was  the  best  preservative  of 
iron  that  was  to  be  had,  and  if  applied  to 
a  clean  surface  free  from  oxide  (rust),  it 
was  impossible  to  say  when  the  surface 
of  pitch  would  fail  to  protect  the  iron. 
He  was  of  course  speaking  of  the  con- 
tinuity of  surface  being  preserved.  Pitch 
was  a  substance  of  a  most  permanent 
character,  being  almost  destitute  of  any 
chemical  attributes  ;  if,  therefore,  the  cel- 
lular structure  of  the  wood  could  be 
thoroughly  permeated  by  it,  as  long  as 
the  continuity  was  perfect,  it  would  be 
preserved.  Of  course,  that  could  never 
be  fully  realized  in  practice.  In  the  case 
of  green  wood,  the  question  arose  as  to 
the  coagulation  of  albuminous  matter. 
No  need  to  go  far  afield  to  get  plenty  of 
instances  showing  that  if  water  and  im- 
pure air  could  be  kept  out,  the  preserva- 
tion would  be  prolonged.  The  author 
had  referred  to  the  experiments  of  Petti- 
grew;  but  the  inference  he  had  drawn 
was  not  the  only  one.  If  albuminous 
matter  was  dried,  it  could  be  kept  as  a 
horny  substance  for  an  indefinite  length 
of  time.  A  piece  of  glue  could  be  pre- 
served intact  in  the  same  way.  If  white 
of  egg  or  glue  were  moistened  and  ex- 
posed for  a  certain  time,  it  putrefied. 
The  inferences  deducible  from  Petti- 
grew's  experiments  could,  he  thought,  be 
traced  to  the  removal  of  water  from  the 
muscle  (the  heart),  which  had  been  the 
subject  of  the  experiments.  The  whole 
thing  might  be  summed  up  in  the  grave- 
digger's  reply  to  Hamlet,  "Water  is  a 
sore  destroyer  of  the  dead  body." 

Mr.  W.  Carruthers  thought  that  the 
botanical  aspect  of  the  question  should 
be  at  the  basis  of  the  inquiry ;  for  with- 
out a  proper  appreciation  of  the  circum- 
stances under  which  vegetable  tissues 
were  destroyed,  it  was  impossible  rightly 
to  appreciate  the  means  by  which  that 
destruction  could  be  prevented.  While 
he  agreed  with  much  that  had  been  said, 
he  felt  bound  to  differ  from  a  great  deal 
that  he  had  heard.  He  acknowledged 
the  great  importance  of  pitch  for  preserv- 
ing the  external  surface  of  wood.  But 
wood  decayed  not  only  from  chemical 
agents,  air  and  water ;  but  much  more 
from  the  action  of  parasites.  He  could 
easily  see  that  if  a  body  was  entirely  pro- 
tected externally  by  pitch,  it  would  be 


preserved  from  chemical  changes,  but  not 
from  the  more  injurious  and  dangerous 
attacks  of  fungal  parasites.  They  were 
developed  from  spores,  and  the  attack 
might  be  made  through  a  flaw  or  crack  in 
the  wood.  When  the  wood  was  exposed 
to  the  desiccation  of  the  air,  flaws  -con- 
tinually appeared,  and  wherever  a  spore 
could  get  access,  there  would  begin  de- 
velopment of  the  mycelium  or  root  of  the 
fungus,  which  penetrated  the  wood  wher- 
ever nutritious  materials  were  supplied 
through  its  whole  course ;  so  that  unless 
the  wood  was  preserved  by  some  sub- 
stance which  would  prevent  the  life  of 
fungi,  its  destruction  was  certain.  He 
exhibited  a  specimen  of  wood  the  date  of 
the  creosoting  of  which  was  not  known, 
but  it  had  been  used  in  a  hurdle  for  at 
least  ten  years.  The  lower  creosoted  por- 
tion, embedded  in  the  earth,  did  not  show 
the  slightest  injury ;  but  the  upper  part, 
exposed  to  the  air,  and  cracked,  had  been 
attacked  from  the  outside  by  minute  veg- 
etation. Some  of  the  spores  had  obtained 
access  to  the  interior,  which  had  not  been 
antiseptically  preserved,  the  fungi  had 
enormously  developed,  and  the  interior 
had  been  destroyed  by  them.  The  same 
thing  had  occurred  in  the  case  of  two 
specimens  of  telegraph  poles.  The  ex- 
terior of  the  specimen  which  he  exhibited 
had  been  fairly  preserved,  but  the  interior 
had  been  destroyed.  It  was  remarkable 
that  the  interior  was  colored  by  the  in- 
jection of  what  he  supposed  he  must  call 
creosote ;  but  it  had  not  been  sufficient  to 
serve  as  an  antiseptic,  as  it  had  permitted 
the  free  growth  of  fungi,  which  ramified 
through  the  base  of  the  pole  and  com- 
pletely destroyed  the  cellulose  or  lignine, 
leaving  it  a  fragile  skeleton.  It  appeared 
to  him  that  what  was  needed  was  a  suffi- 
cient impregnation  of  the  wood  with  creo- 
sote, and  with  that  element  in  it  which 
was  destructive  to  vegetable  life.  He  did 
not  know  from  experiments  what  that 
element  was,  but  he  did  know  that  there 
was  an  element  in  crude  creosote  that 
was  extremely  destructive  to  vegetable 
life,  viz.,  carbolic  acid.  Not,  however,  in 
all  strengths,  for  Koch,  a  distinguished 
German  mycologist,  had  found  that  certain 
liquids,  with  5  per  cent,  of  carbolic  acid, 
would  support  fungi;  so  that  the  pres- 
ence of  a  small  percentage  was  not  de- 
structive to  vegetable  life.  That  was  ex- 
tremely important  in  relation  to  the  ob- 
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servations  of  Prof.  Voelcker.  Another 
specimen  from  a  telegraph  pole  bad  been 
completely  destroyed  by  a  fungus  {Re- 
ticularia).  There  was  on  one  side  a 
yellowish  dust,  consisting  entirely  of  the 
spores  of  the  plant.  But  in  a  specimen 
from  a  hurdle,  which  had  been  in  use 
since  1861,  when  it  was  creosoted,  the  ex- 
terior, although  it  had  no  coating  of  tar, 
still  exhibited  the  minutest  marks  of  the 
tools  employed  upon  it,  and  the  interior, 
which  was  completely  saturated  with  a 
brown  substance,  was  as  good  and  fresh 
as  if  it  had  been  creosoted  yesterday, 
without  a  particle  of  fungus.  There  was 
a  little  greenish  vegetation  on  the  outside, 
but  it  was  epiphytic,  and  not  injurious  to 
the  wood ;  there  was  no  fungal  vegeta- 
tion whatever.  The  wood  had  been  enor- 
mously increased  in  weight,  and  he  had 
ascertained  microscopically  that  there 
was  no  deposit  in  the  interior 'of  the  cells. 
The  whole  of  the  lignine  and  of  the  sec- 
ondary deposits  had  been  colored  by  that 
material,  so  that  the  tissue  had  been  com- 
pletely altered.  It  appeared  to  him  that 
there  had  been  a  new  combination  through 
the  injected  material,  producing  an  an- 
tiseptic condition  of  the  wood  which  was 
fatal  to  the  fungi.  There  was  a  little 
free  carbolic  acid  crystallizing  in  the  in- 
terior of  the  cells,  but  it  did  not  seem  to 
him  that  that  was  the  explanation  of  it. 
He  should  be  glad  if  those  who  were  con- 
versant with  the  chemical  aspect  of  the 
subject,  would  inquire  into  the  real  na- 
ture of  the  change  which  had  produced 
the  discolored  and  altered  condition  of 
the  lignine.  In  his  opinion  nothing  had 
been  introduced  for  preserving  timber 
that  could  compare  with  the  creosote 
used  in  the  specimen  he  had  exhibited, 
which  had  been  exposed  to  the  air  nearly 
twenty  years,  and  yet  the  ragged  edges 
of  the  chips  on  the  outside  had  not  even 
been  touched  by  atmospheric  or  other 
destructive  agents. 

Mr.  Henry  Maudslay  observed  that,  in 
the  case  of  Old  London  Bridge,  the  decay 
of  the  timber  piles  of  the  piers  varied  ac- 
cording as  they  were  constantly  under 
water,  or  exposed  to  water,  air,  and  sun ; 
or  exposed  especially  to  salt  water  or  to 
fresh  water  on  the  rise  and  fall  of  the 
tide.  There  were  many  combinations  of 
circumstances  that  tended  practically  to 
destroy  timber,  and  it  was  therefore  most 
■desirable  to  ascertain  the  exact  position 


that  would  be  occupied  by  a  solid  pile 
driven  into  the  earth  to  support  a  struc- 
ure — whether  it  was  to  be  exposed  to  the 
constant  action  of  the  water  below  in  the 
earth,  or  to  a  change  in  the  rise  and  fall 
of  the  tide,  or  to  the  influence  of  moisture 
gradually  attacking  it  above  the  highest 
springtide  level.  On  the  Arran  and 
Snowdon  mountains  he  had  been  lately 
excavating  soil  in  order  to  form  a  reser- 
voir, and  had  come  across  some  of  the 
largest  roots  of  red  pine  timber  that  he 
had  seen  in  that  locality.  There  were  no 
trees  on  the  mountains  at  the  present 
time,  and  it  must  have  taken  many  years 
for  the  timber  to  have  grown  at  that  ele- 
vation— 1,200  to  1,500  feet  above  the  level 
of  the  sea.  The  timber  was  of  a  mag- 
nificent character ;  these  roots  had  been 
submerged  perhaps  centuries.  The  roots 
had  been  found  in  situ  covered  with  a 
layer  of  disintegrated  earth  saturated  with 
water  from  the  copper  mines.  They  had 
been  preserved  in  that  way  by  nature, 
but  now  that  they  were  being  exposed  to 
the  air,  they  were  in  some  cases  begin- 
nin  to  crumble  away.  The  props  and 
supports  in  old  workings  of  copper  mines 
were  preserved,  and  would  burn  with 
great  difficulty.  Since  the  Royal  George 
had  sunk  in  1782,  all  the  timber  had  be- 
come saturated  with  sea-water,  which  was 
so  destructive  to  the  cast-iron  cannon, 
that  they  were  made  as  soft  as  plumbago ; 
but  salt  water  had  a  great  effect  upon  the 
preservation  of  the  oak  wood,  making  it 
quite  green.  The  timber  was  so  hardened 
that  all  the  pores  seemed  to  have  been 
filled  witn  some  material  that  was  suit- 
able to  its  preservation.  It  still  retained 
that  quality,  as  shown  in  the  case  of  a 
billiard  table  made  for  Her  Majesty,  and 
by  another  now  in  his  late  father's  house 
at  Norwood.  This  table  had  been  made 
by  Thurston  in  1860,  from  the  wreck  which 
was  raised  in  1841.  With  regard  to  the 
decay  of  iron,  he  might  be  permitted  to 
mention  that  Queen  Anne's  statue  at  St. 
Paul's  cathedral,  was  one  of  the  finest  of 
London  specimens  of  decay  of  iron  that 
engineers  could  examine.  It  consisted  of 
cast  iron,  wrought  iron,  lead,  and  stone, 
all  of  which  were  mouldering  away  by  the 
action  of  nature,  the  character  of  the  air, 
and  the  water.  The  whole  of  the  iron- 
work was  a  magnificent  specimen  of  age 
|  and  deterioration.  If  chemists  would  ex- 
amine the  question  as  to  effects  produced 
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upon  timber  subjected  to  the  continual 
action  of  water  and  its  components,  or  to 
the  rise  and  fall  of  the  tide,  whether  salt 
or  fresh,  or  only  to  the  effects  of  a  certain 
amount  of  moisture,  as  in  the  case  of  rail- 
way sleepers  afterwards  dried  by  the  ac- 
tion of  the  sun,  the  practical  results  of 
their  investigations  would  be  of  great 
value. 

Mr.  E.  A.  Cowper  said  he  understood 
that  an  examination  of  the  old  pieces  of 
timber  successfully  creosoted  that  had 
been  exhibited,  showed  they  were  not  at 
present  protected  by  tar  acids,  and  if 
they  had  had  any  in  them  in  the  first  in- 
stance, it  had  long  ago  evaporated.  The 
unsuccessful  telegraph  pole  exhibited  by 
Mr.  Carruthers,  from  which  a  specimen 
had  been  taken,  had  evidently  not  been 
put  into  a  creosoting  cylinder,  for  it  had 
a  mere  slight  covering  of  creosote  out- 
side. Hop-poles  were  often  put  into  an 
iron  pan  with  a  fire  under  it  and  made 
hot,  and  there  could  be  no  doubt  that 
steam  came  out  from  the  water  evaporat- 
ing, and  the  very  action  of  which  the  au- 
thor had  spoken  took  place  to  a  slight 
extent.  The  piece  of  wood  that  was  cut 
to  a  taper  had  a  little  creosote  in  its  end, 
but  on  its  sides  the  creosote  did  not  go 
in  yig-  of  an  inch,  it  was  merely  paint  on 
the  outside;  where  the  mortise- holes  had 
been  put  through  the  post  the  spores  had 
entered  and  attacked  the  inside.  The  ef- 
fect of  a  spore  getting  into  a  piece  of 
timber  that  had  been  preserved  only  on 
the  outside  surface  was  no  argument 
against  the  preservation  of  timber  by 
creosote.  The  piece  from  the  Victoria 
Dock  fence,  which  had  been  well  creo- 
soted, had  been  preserved,  and  was  as 
sound  as  it  was  twenty-nine  years  ago, 
when  it  was  put  down.  The  creosote 
had  gone  to  the  middle  of  the  wood  and 
protected  it.  The  other  specimen  had 
not  been  preserved,  and,  therefore,  it  was 
rotten.  A  very  extensive  series  of  ex- 
periments had  been  carried  out  by  Mr. 
Charles  Coisne,  and  they  were  of  a  very 
instructive  character.  Samples  of  creo- 
sote had  been  taken  from  England,  Scot- 
land, Belgium  and  France,  showing  15, 
15,  8  and  7  per  cent,  of  tar  acids,  and 
there  was  a  fifth  specimen  of  heavy  oil 
without  any  tar  acid.  Other  mixtures 
were  made  by  putting  in  an  extra  quan- 
tity of  tar  acids,  except  in  the  case  of  the 
one  kept    without  acid,  and  the  result 


showed  that  where  the  heavy  oil  was 
used  the  wood  was  preserved  in  the  best 
manner,  whilst  those  samples  of  wood 
preserved  with  creosote,  having  an  extra 
dose  of  acid,  were  not  so  well  preserved, 
and  that  which  was  unpreserved  was  en- 
tirely rotten.  He  had  gone  to  Silver- 
town  to  examine  the  apparatus  to  which 
reference  had  been  made.  There  were  a 
number  of  pipes  in  the  bottom  of  the 
creosote  cylinder  with  superheated  steam 
in  them.  When  the  timber  had  been 
put  into  the  cylinder  and  warm  creosote 
run  in  upon  it,  the  temperature  was  grad- 
ually got  up,  and  the  water  was  as  effect- 
ually driven  out  of  the  wood  by  evapora- 
tion as  would  be  the  case  if  water  was 
put  in  a  boiler  with  a  fire  under  it  and 
kept  without  any  fresh  supply  of  water. 
A  temperature  of  220°  or  230°  would 
evaporate  every  particle  of  moisture  out 
of  the  wood,  more  especially  when  a  vacu- 
um was  put  on.  He  might  mention  that 
the  vacuum  should  not  be  turned  on  sud- 
denly, otherwise  the  creosote,  steam,  and 
water  would  all  boil  over.  Water  was 
deposited  in  a  vessel  in  connection  with 
the  condensing  pipe,  together  with  some 
light  hydro-carbons.  The  creosote  sup- 
plied to  the  creosoting  vessel  being 
heavy  oil,  would  not  commence  to  boil 
until  about  392°.  London  creosotes 
contained  about  4  to  7  per  cent,  of  tar 
acids.  He  had  himself  tried  some  ex- 
periments in  coagulating  and  precipitat- 
ing albumen,  and  he  found  that  consid- 
erably less  than  2  per  cent,  of  carbolic 
acid  in  the  creosote  would  precipitate 
the  largest  amount  of  albumen  found  in 
wood,  so  that  there  was  amply  sufficient 
carbolic  acid  in  the  London  creosote  for 
that  purpose.  Not  only  was  the  albu- 
men coagulated  by  the  two  per  cent,  of 
carbolic  acid,  but  by  the  mere  fact  of  its 
being  boiled.  If  an  egg  was  boiled  for 
a  short  time  the  white  would  set,  and  in 
an  hour  or  two  it  would  be  very  hard. 
After  the  vacuum  had  been  on  for  a  suf- 
ficient time,  and  the  whole  of  the  water 
and  moisture  withdrawn  from  the  timber, 
the  cock  was  turned,  and  the  pressure 
put  on  with  pumps  up  to  120  lbs.  to  the 
square  inch.  Not  only  did  the  pumps 
put  on  the  pressure  and  force  the  creo- 
sote into  the  wood,  but  directly  the  tem- 
perature was  lowered  a  little,  steam  con- 
densed, and  there  was  a  vacuum  in  every 
pore  of  the   wood.      The   whole  of  the 
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wood  was  made  a  condenser;  in  every 
pore  that  had  previously  contained  water 
there  was  a  vacuum,  so  that  the  creosote 
went  in,  and,  besides  that,  there  was  the 
pressure  of  120  lbs.  to  the  square  inch. 
At  the  works  he  saw  a  whole  range  of 
tanks,  following  one  after  the  other.  He 
thought  the  method  was  a  very  practical 
and  mechanical  one.  There  could  be  no 
doubt  about  the  creosote  thoroughly  en- 
tering the  timber.  He  thought  the 
thanks  of  the  members  were  due  to  the 
author  for  the  admirable  way  in  which  he 
had  developed  the  subject.  The  only 
thing  wanted  was  a  sort  of  skeleton 
specification  for  their  guidance  in  the 
future. 

Mr.  W.  H.  Preece  said  that  as  the  be- 
havior of  certain  of  Her  Majesty's  tele- 
graph posts  had  been  called  in  question, 
he  ought  to  say  something  in  their  be- 
half. For  the  past  thirty  years  he  had 
devoted  all  the  attention  and  skill  that 
he  could  command  to  the  inquiry  as  to 
the  best  modes  of  preserving  timber. 
In  the  telegraph  service  of  the  country 
many  millions  of  poles  had  been  pre- 
served in  various  ways,  and  one  of  the 
methods — that  explained  by  the  author — 
had  proved  to  be  the  survival  of  the  fit- 
test. A  great  deal  had  been  said  as  to 
the  various  causes  of  decay.  Reference 
had  been  made  to  chemical  and  physio- 
logical causes,  but  there  was  a  third 
cause,  which  might  be  called  mechanical, 
of  the  decay  existing  at  the  "  wind  and 
water"  line,  or  the  ground  line,  where 
the  timber  was  exposed  to  incessant 
changes  of  moisture  and  temperature.  A 
careful  microscopic  examination  showed 
that  the  process  of  decay  was  a  purely 
mechanical  one,  that  the  wood  disinte- 
grated by  a  process  of  bursting.  The 
fibers  appeared  to  be  minute  boilers,  and 
the  change  of  temperature  produced 
evaporation,  minute  explosion,  and  rapid 
deterioration.  It  was  a  simple  thing  to 
meet  the  chemical  cause  by  the  insertion 
of  salts  of  various  kinds,  and  it  was  pos- 
sible to  meet  the  physiological  cause  by 
antiseptic  treatment ;  but  the  mechanical 
cause  could  only  be  obviated  by  coating 
the  fibers  of  the  wood  with  waterproof 
material,  and  filling  them  with  a  thick, 
viscous  mass  like  creosote  in  its  best 
form.  In  1844  the  first  line  of  telegraph 
was  constructed  between  London,  South- 
ampton   and    Gosport,    and    the    posts 


were  made  of  the  best  Memel  timber, 
preserved  by  the  burnettizing  process, 
simply  impregnating  the  wood  with  zinc 
chloride.  In  1857  he  made  a  personal 
observation  of  a  great  part  of  the  line  in 
different  grounds,  and  found  that  in  sand 
about  40  per  cent,  of  the  posts  had  gone, 
in  clay  about  33  per  cent.,  and  in  chalk 
about  28  per  cent.  In  1860  he  found 
that  the  proportion  was  much  greater, 
and  in  1871  they  had  all  failed,  so  that 
they  had  to  be  removed.  The  burnett- 
izing process  materially  added  to  the  life 
of  the  pole  without  rendering  it  inde- 
structible. Kyanizing  was  tried  to  a 
small  extent,  but  the  poisonous  charac- 
ter of  the  salt  deterred  him  from  carry- 
ing it  further.  The  favorite  process 
about  twenty  years  ago  was  that  of 
boucherizing.  The  authorities  had  pur- 
chased whole  forests,  and  in  the  middle 
of  them  established  the  boucherizing 
process,  by  which  they  had  succeeded  in 
lengthening  the  life  of  timber  consider- 
ably. While  the  life  of  an  average  tele- 
graph pole  unprepared  was  about  seven 
years,  the  life  of  a  boucherized  pole  was 
about  fifteen  years.  In  1848  a  line  of 
poles  was  erected  from  Fareham  to  Ports- 
mouth, a  distance  of  about  20  miles,  and 
all  the  poles,  three  hundred  and  eighteen 
in  number,  were  creosoted  by  Mr.  Beth- 
ell.  It  1861  he  examined  them  all  in 
situ,  and  only  two  showed  the  slightest 
trace  of  decay,  and  they  had  begun  to 
decay  at  the  top.  In  1874  he  had  them 
again  examined,  and  every  pole  was 
sound.  Last  year,  owing  to  the  require- 
ments of  the  service,  and  the  necessity 
of  increasing  the  number  of  the  wires, 
the  line  of  poles  had  to  be  taken  down, 
and  although  they  had  been  put  up  in 
1848,  they  were  as  sound  as  when  they 
were  first  erected.  About  the  year  1861 
the  question  of  the  proper  mode  of  pre- 
serving timber  was  one  of  great  conse- 
quence. The  authorities  were  not  satis- 
fied as  to  which  was  the  best,  boucher- 
izing or  creosoting,  and  consequently,  as 
the  Yeovil  and  Exeter  line  of  the  Lon- 
don and  South- Western  Railway  Com- 
pany the  poles  were  put  up  alternately  : 
first  a  plain  pole,  next  a  boucherized  pole, 
and  next  a  creosoted  pole,  the  line  ex- 
tending about  40  miles.  In  1870  he  had 
them  carefully  examined,  and  it  was 
found  that  of  the  plain  poles  that  had 
been   up  ten   years  not   one  existed,  all 
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having  decayed;  while  of  the  boucher- 
ized  poles  30  per  cent,  had  gone,  and  of 
the  creosoted  poles  not  one  had  decayed. 
The  result  was  that  the  Government  had 
decided  for  years  past  to  creosote  all 
their  poles.  He  did  not  remember  the 
exact  specification  thut  was  used.  At 
present  the  millions  of  poles  existing  in 
the  country  were  all  creosoted.  It  was 
true  that  some  of  them  had  failed,  but, 
as  Mr.  Carruthers  had  pointed  out,  there 
was  creasote  and  creosote.  There  were 
unreliable  firms,  and  others  in  whom  con- 
fidence could  be  placed ;  there  were  in- 
spectors who  could  be  trusted,  and  others 
who  could  not.  There  were  poles  about 
the  country  supposed  to  be  creosoted  that 
were  rotten  ;  and  it  had  been  found  that 
those  particular  poles  had  not  been  in- 
spected, and  that  they  had  been  hastily  and 
improperly  impregnated.  He  could  state, 
as  the  result  of  thirty  years'  experience, 
that  he  had  never  seen  a  case  of  a  prop- 
erly creosoted  pole  showing  the  slightest 
sign  of  decay. 

The  reply  of  Mr.  Boulton  upon  the 
Discussion  and  Correspondence  is  given 
at  the  end  of  the  Correspondence. 

CORRESPONDENCE. 

Mr.  A.  Bouissou,  of  the  Western  Kail- 
ways  of  France,  stated  that  in  1859,  on 
the  line  from  Bouen  to  Dieppe,  sleepers 
creosoted  by  the  Bethell  process  had 
been  adopted  for  the  first  time.  These 
sleepers  were  of  beech.  They  had  been 
creosoted  in  England  in  the  works  of  the 
author's  firm,  and  when  an  examination 
of  them  was  made  twenty  years  later,  on 
the  occasion  of  the  Paris  Exhibition  of 
1878,  it  was  shown  that  not  a  single  one 
of  them  bore  the  slightest  trace  of  decay. 
Since  1864,  the  railway  company  of  which 
he  was  engineer  of  the  permanent  way, 
had  adopted  creosoting  for  their  sleep- 
ers, and  from  that  date  they  had  ap- 
plied it  to  about  five  million  sleepers, 
of  which  at  least  three  million  and  a-half 
were  of  beech  wood.  In  these  latter,  as 
in  the  trial  sleepers  of  1859,  no  sign  of 
decay  has  as  yet  been  distinguished,  and 
the  lasting  powers  of  the  sleepers  seemed 
only  to  be  limited  by  the  wear  and  tear 
to  which  the  materials  were  exposed. 
Beech  wood  placed  in  the  ground,  with- 
out having  been  prepared,  completely  de- 
cayed at  the  end  of  two  or  three  years, 
which   rendered  impossible   the   use   of 


that  wood  unprepared  in  the  form  of 
sleepers.  Also  sulphating,  employed  for 
a  long  time  for  beech  sleepers,  not  having 
given  the  good  results  expected,  had  been 
abandoned  by  all  the  French  railway 
companies. 

The  employment  of  creosote  for  the 
preservation  of  sleepers  had  given  every 
satisfaction,  and  its  use  had  only  been 
limited  at  certain  periods  by  the  difficulty 
sometimes  experienced  in  procuring  a 
sufficient  quantity  of  creosote.  As  re- 
garded the  quality  of  the  creosote,  he 
simply  required  that  it  should  contain  5 
per  cent,  of  phenic  acid. 

Mr.  W.  A.  Brown  remarked  that  a  pre- 
serving process,  of  which  much  had  been 
said  and  a  great  deal  expected  by  engin- 
eers a  few  years  ago,  had  been  referred 
to  in  the  latter  part  of  that  portion  of 
the  paper  devoted  to  "Apparatus  for 
Timber  Preserving."  This  process  was 
Mr.  Blyth's  system  of  "  Thermo- Carbol- 
ization,"  which  had  been  carried  out  by 
Messrs.  Conner  &  Co.  at  their  works  at 
Millwall,  when  a  large  number  of  sleep- 
ers had  been  prepared  for  some  of  our 
railways,  together  with  telegraph  poles 
for  them  and  for  the  Post  Office.  It  be- 
came his  duty,  about  four  years  ago,  to 
inquire  into  the  subject,  and  he  made 
an  investigation  into  the  different  stages 
of  the  process  at  Messrs.  Conner  &  Co.'s 
works,  which  led  him  to  the  following 
conclusions : 

1st,  that  the  strength  of  the  wood  was 
impaired  through  some  of  the  celluloise 
and  its  incrusting  materials  being  carried 
off  in  the  form  of  pyroligneous  acid  by 
the  superheated  steam. 

2d,  that  the  peculiar  "  Creosote  mix- 
ture "  used  as  part  of  the  process,  con- 
tained so  large  a  proportion  of  water  that 
it  was  not  at  all  likely  to  act  as  a  pre- 
servative of  the  sleepers  to  which  it  was 
applied. 

It  would  be  interesting  to  hear  now 
how  the  sleepers  and  poles  thus  pre- 
pared had  actually  lasted  in  this  country. 
In  Austria  the  experience  of  Mr.  Seidl, 
and  in  France  that  of  the  author,  as  re- 
corded in  the  paper,  appeared  to  confirm 
the  conclusions  at  which  Mr.  Brown  ar- 
rived in  the  course  of  his  investigations ; 
but  so  far  as  he  was  aware,  there  were 
no  published  results  as  to  the  process  in 
England. 

Mr.  John  Cleminson  observed  that  the 
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question  of  preparing  timber  against  de- 
cay was  occupying  more  attention  now 
than  formerly.  It  was  therefore  to  be 
regretted  that  the  author  had  not 
referred  in  detail  to  many  good  proc- 
esses with  the  above  object  in  view, 
namely,  that  of  Sir  John  MacNeill, 
Gardner,  Beer,  Blythe,  and  others. 
The  author's  remarks  in  reference  to 
carbolic  acid  as  an  antiseptic  would 
lead  to  the  idea  that  it  was  necessary  the 
acid  should  remain  when  injected ;  such 
was  not  the  case,  nor  was  it  necessary. 
The  mere  fact  of  its  presence  (the  most 
powerful  antiseptic  known),  with  super- 
heated steam,  was  all  that  was  required 
to  produce  coagulation  of  the  albumen, 
and  so  to  render  preservation  practically 
complete.  With  the  old  process  of  creo- 
soting,  the  surface  exteriorly  only  was 
preserved,  the  interior  if  unsound  decayed 
uninterruptedly.  All  depended  upon  the 
selection  of  the  timber.  No  amount  of 
creosote  would  avail  to  save  its  destruc- 
tion ultimately,  if  the  interior  was  not 
sound.  Where  sleepers  were  adzed,  the 
greater  part,  and  in  many  instances  the 
whole  of  the  part,  penetrated  by  the 
creosote  was  cut  away,  thus  leaving  the 
interior  open  to  destruction  from  clamp 
and  other  causes.  The  same  disadvantage 
was  experienced  in  the  case  of  piles,when 
the  ends  were  pointed  for  receiving  shoes 
after  creosoting.  With  carbolic  acid 
once  in  contact  with  the  albumen,  and  in 
the  event  of  any  interior  unsoundness, 
the  coagulation  arrested  decay,  and  pre- 
vented it  from  spreading,  by  entirely  en- 
closing the  defective  part  or  parts.  Com- 
bined when  necessary  with  an  outer  ap- 
plication of  creosote,  thorough  soundness 
and  preservation  internally  and  external- 
ly were  thus  secured.  Blythe's  process 
was  a  double  process.  The  object,  pres- 
ervation internally  and  externally,  in  the 
case  of  sleepers  and  piles,  was  most  ef- 
fectually obtained  by  carbolizing  the  in- 
terior, and  creosoting  the  exterior.  A  re- 
sult had  been  obtained  that  had  placed 
this  process  foremost  with  French  en- 
gineers for  several  years,  and  it  was  now 
largely  used  by  them.  In  England  where 
used  it  had  met  with  much  favor.  The 
author  of  the  paper  was  employing  this 
process  in  France. 

Mr.  Richard  Cowper  remarked  that  the 
value  of  creosote  for  preserving  timber 
d2pended  partly  on  the  mechanical  effect 


which  it  had  in  excluding  from  the  pores 
of  the  wood  air  and  water,  and  the 
germs  of  destruction  which  they  con- 
tained, and  partly  on  the  power  possessed 
by  certain  of  its  constituents  of  destroy- 
ing those  germs.  For  the  purposes  of 
germ-exclusion,  it  was  generally  admitted 
that  the  heavier  portions  of  the  creosote, 
from  the  less  degree  of  solubility  and 
volatility  which  they  possessed,  and  their 
property  of  solidifying  at  ordinary  tem- 
peratures, were  the  more  efficacious.  As 
regarded  the  germ-destroyers,  the  phe- 
nols and  the  alkaloids  alone  need  be  con- 
sidered. Phenols,  namely  carbolic,  cre- 
sylic,  and  other  acid  bodies  occurring  in 
creosote,  had  long  been  known  to  possess 
remarkable  antiseptic  properties,  but  they 
were  easily  soluble  in  water,  and  com- 
paratively volatile.  Much  stress  had 
been  laid  upon  their  power  of  coagulat- 
ing albumen,  but  it  had  been  shown  that 
no  stable  chemical  compound  was  formed, 
and  that  the  albumen  thus  coagulated 
might  be  freed  from  the  phenol  by  wash- 
ing with  water,  when  it  would  decay.  It 
had  been  shown  by  the  experiments  of 
Coisne,  Greville  Williams,  and  the  author 
of  the  paper,  on  pieces  of  old  creosoted 
timber,  that  in  many  well  preserved  speci- 
mens no  phenol  can  be  detected  by  the 
ordinary  test,  whilst  in  most  cases  they 
had  found  naphthaline,  and  in  all  cases 
oils  of  the  heaviest  character  in  consider- 
able quantity.  It  had  been  shown  by  Mr. 
Greville  Williams  that  all  the  old  timbers 
examined  by  him  contained  a  consider- 
able amount  of  alkaloids,  and  his  experi- 
ments proved  not  only  that  these  alka- 
loids were  powerful  germicides,  but  that 
they  were  more  powerful  than  phenol. 
They  were  at  the  same  time  much  less 
soluble  and  volatile.  Evidently  if  creo- 
sote containing  a  high  percentage  of 
phenol  were  required,  it  could  not  con- 
tain so  high  a  percentage  of  the  heavier 
constituents,  which  were  those  possessing 
the  greatest  value  as  germ-excluders.  At 
the  same  time,  some  of  the  alkaloids 
which  had  been  shown  to  be  of  more 
value  than  phenol  as  germicides  would 
i  be  removed. 

Mr.  W.  Langdon  remarked  that  in  1874 
■  a  paper  by  him  upon  the  subject  had  been 
'  read  before  the  Society  of  Telegraph  En- 
gineers, in  which  he   warmly  advocated 
the  employment  of  creosote  in  preference 
I  to  any  other  preservative  for  timber,  and 
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he  had  since  seen  no  reason  to  alter  the 
views  expressed  on  that  occasion.  Of 
late  years,  however,  the  appearance  of 
the  timber  so  treated  had  suggested  the 
belief  that  the  oils  now  employed  did  not 
contain  that  amount  of  tar  or  other 
heavy  compounds  which  was  apparently 
possessed  by  the  creosote  supplied  in  the 
earlier  eays.  His  attention  in  the  appli- 
cation of  creosote  to  timber  had  been 
more  in  the  direction  of  telegraph  poles 
than  otherwise,  which  class  of  timber  was 
much  more  exposed  to  the  weather  than 
were  railway  sleepers,  and  which  might 
in  consequence  be  accepted  as  affording  a 
more  complete  test  of  the  value  of  the  oil 
than  did  railway  sleepers.  These  to  a  great 
extent  were  buried  in  the  soil,  and  had 
but  one  side  exposed  to  the  influence  of 
the  atmosphere.  Of  late  years  numbers 
of  the  poles  had  presented  anything  but 
the  appearance  of  a  well  creosoted  pole. 
The  surface  had  become  partially  or 
wholly  bleached,  and  almost  white.  This 
generally  occurred  on  that  portion  of  the 
pole  subject  to  the  sun's  rays;  but  it  was 
also  equally  marked  upon  that  side  of  the 
pole  exposed  to  prevailing  winds  and  wet 
weather.  It  would  therefore  seem  as  if 
the  bleaching  was  the  result  both  of  the 
influence  of  the  sun  and  of  the  weather ; 
in  fact  that  the  creosote  disappeared  from 
the  surface  of  the  pole  under  the  influ- 
ence of  the  sun  and  of  wet.  If  telegraph 
poles  creosoted  many  years  back  were 
examined,  as  a  rule  the  surface  of  those 
poles  would  be  found  covered  with  a 
pitchy  compound,  and  that  mainly  on  the 
side  of  the  pole  exposed  to  the  sun. 
There  was  no  washing  out  from  the 
weather.  This  he  thought  was  easy  of 
explanation.  The  warm  atmosphere  would 
always  exercise  an  extractive  influence 
upon  any  oil  injected  into  wood  or  other 
like  substance ;  its  tendency  would  be  to 
bring  it  to  the  surface,  where  the  lighter 
portions  would  be  evaporated,  and  the 
heavier  portions  congealed.  Creosote  no 
doubt  was  a  strong  antiseptic,  but  where 
timber  when  felled  was  decayed,  it  could 
not  give  fresh  life  to  the  decayed  portion. 
Timber,  if  properly  seasoned,  would  last 
many  years  if  not  exposed  to  the  vicissi- 
tudes of  wind  and  weather,  as  in  the  in- 
stance of  many  articles  of  furniture  made 
from  the  very  same  wood  from  which 
telegraph  poles  and  railway  sleepers  were 
obtained,  and  which  seemingly  never  de- 


cayed indoors.  It  was  here  that  the  cre- 
osote process  enabled  an  equally  long 
life  to  be  obtained  for  it  when  employed 
out  of  doors,  and  he  imagined  that  the 
heavier  oils  played  a  much  higher  part  in 
procuring  this  immunity  from  decay  than 
the  creosote  oil,  inasmuch  as  it  was  to 
these  heavier  oils  that  the  exclusion  of 
moisture  from  the  timber  was  due.  A 
telegraph  pole,  or  a  railway  sleeper,  free 
from  disease,  if  properly  seasoned,  and 
encased  in  such  a  manner  as  to  prevent 
moisture  getting  into  its  fiber,  was  prac- 
tically indestructible  from  rot  or  decay. 
The  coating  given  to  it  by  the  injection 
of  these  heavier  oils  into  the  fiber  to  a 
depth  of  from  1  to  2  inches  afforded  the 
timber  this  coating,  excluded  moisture, 
and  thereby  secured  its  duration. 

Mr.  C.  De  Laune  Faunce  De  Laune  re- 
marked that  the  author  had  attempted  to 
prove  that  only  a  very  small  quantity  of 
carbolic  acid  was  necessary  in  creosote  for 
the  preservation  of  wood.  He  approached 
the  subject  with  diffidence,  as  he  lay 
claim  to  no  scientific  knowledge,  merely 
discussing  it  from  the  purely  practical 
side;  and  because  he  had  been  instru- 
mental in  extending  the  use  of  creosote 
among  landowners  and  farmers.  The 
author  referred  to  his  having  used  creo- 
sote too  hot,  and  thereby  having  dam- 
aged the  wood,  much  in  the  same  way  as 
if  he  had  taken  a  warm  bath  too  hot.  He 
certainly  stated  to  the  author  that  he  had 
used  a  material  called  creosote  which 
contained  a  very  small  percentage  of 
carbolic  acid,  and  that  the  wood  had 
failed  to  be  satisfactorily  impregnated 
with  it  in  an  open  tank,  even  when  sub- 
mitted to  a  great  heat ;  but  he  scarcely 
anticipated  that  he  would  infer  that  it 
was  his  general  custom  to  use  extreme 
heat,  as  he  only  wished  it  to  be  under- 
stood that  even  under  such  conditions 
the  creosote  did  not  perfectly  penetrate 
into  the  wood.  The  process  of  injec- 
tion, in  the  case  of  telegraph  poles,  might 
preserve  them  to  an  indefinite  period, 
but  such  a  course  was  frequently  im- 
practicable to  the  former,  and  in  the  case 
of  hop-poles  impossible ;  wherefore  an 
open  tank  was  indispensable.  For  the 
last  twenty  years  he  had  used  creosoted 
wood,  and  the  process  had  always  been 
performed  in  an  open  tank.  The  wood 
was  first  cut  to  the  required  shape,  and 
then   immersed  in    the    creosote   which 
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bad  previously  been  liquefied  and  warmed 
by  a  furnace  built  underneath  the  tank. 
No  thermometer  had  ever  been  used  to 
regulate  the  heat,  and  the  only  precau- 
tion taken  was  to  prevent  the  creosote 
from  boiling  over,  though  it  was  suffi- 
ciently heated  to  make  a  few  bubbles  ap- 
pear on  the  surface.  Wood  of  all  kinds 
had  been  used,  and  no  difficulty  in  ap- 
plying the  creosote  was  at  first  experi- 
enced, but  he  believed  that  the  creosote 
had  gradually  been  becoming  worse  and 
worse,  and  so  he  submitted  it  to  Dr.  Voeck- 
ler  for  analysis,  and  got  the  following 
reply:  "Your  creosote  has  a  specific 
gravity  of  1.103,  and  on  being  subjected 
to  distillation  yields  only  61  per  cent,  of 
volatile  oils,  of  which  4  per  cent,  are  car- 
bolic acid."  My  experience  in  creosoting 
timber,  small  as  it  is  when  compared 
with  that  of  public  companies,  is  large 
for  a  private  individual,  as  I  have  at 
this  time  46 £  miles  of  fences  where 
creosoted  wood  is  used ;  and  whereas 
the  system,  when  employed  some  years 
ago,  was  satisfactory,  the  present  results 
are  as  much  the  contrary.  The  pieces 
of  creosoted  wood  exhibited  by  Mr.  Car- 
ruthers  were  creosoted  by  me  in  1866, 
and,  as  was  pointed  out  by  him,  are  per- 
fect in  their  preservation.  Unfortunately 
I  have  no  analysis  of  the  creosote  then 
used,  for  such  an  analysis  would  prove 
that  a  material  of  the  same  constituents 
would  be  suitable  for  preserving  wood 
in  an  open  tank.  It  was  obvious,  there- 
fore, that  a  creosote  was  formerly  used 
that  could  and  did  preserve  inferior  wood 
in  an  open  tank  perfectly,  and  which 
could  be  used  so  easily  that  no  particular 
precautions  as  to  the  dryness  of  the  wood 
were  necessary,  and  it  was  in  the  hope  of 
ascertaining  the  component  parts  of  the 
creosote  which  he  once  used  with  such 
admirable  results,  that  he  ventured  on 
these  remarks ;  for  the  creosote  that  he 
formerly  used  for  preserving  wood  was 
as  valuable  as  that  which  he  was  now  us- 
ing was  useless  and  worthless,  and  all 
he  asked  of  manufacturers  was  to  give 
him  material  like  what  he  had  before. 

Mr.  W.  Lawf ord  wished  to  inquire  how 
it  was  that,  in  the  face  of  such  undoubt- 
ed proofs  of  the  value  of  the  creosot- 
ing process,  some  of  the  large  railway 
companies,  and  notably  the  Midland, 
had  given  up  creosoting  their  sleepers  ? 
He  considered  it  the  duty  of  every  one 


who  used  timber  largely  to  adopt  either 
this  or  some  other  antiseptic  treatment, 
since  large  encroachments  were  annually 
made  upon  the  timber-growing  districts 
of  the  world,  without  an  adequate  sup- 
ply of  timber-producing  trees  being 
planted  for  the  use  of  posterity. 

Mr.  C.  Lowe,  in  reference  to  the  con- 
stituents of  the  creosotes  employed  for 
"pickling''  or  preserving  timber,  was 
disposed  to  attribute  to  the  tar  acids 
only  a  very  small  amount  of  the  effective 
results  obtained  by  the  application  of 
the  creosote,  for  the  following  rea- 
sons : 

1.  Carbolic  and  cresylic  acids  were 
both  completely  volatile  even  at  an  aver- 
age summer  temperature  in  England, 
and  in  hot  climates  could  not  long  re- 
main present  (except  as  traces)  in  any 
timber  to  which  they  had  been  ap- 
plied. 

2.  Both  these  acids  were  readily  solu- 
ble in  water,  and  would  consequently  be 
rapidly  removed  from  the  timber  in  case 
the  latter,  previously  saturated  with 
them,  was  subjected  to  the  action  of 
water  in  motion.  He  regarded  the  ac- 
tion of  coal-tar  creosote  in  preserving 
timber  as  presenting  a  two-fold  char- 
acter ;  first,  a  mechanical  action,  by  which 
the  wood  was  rendered  waterproof  from 
the  filling  up  of  the  cellular  tissue  with 
matter  insoluble  in  water ;  second,  a 
chemical  or  antiseptic  action,  due  chiefly 
to  the  presence  of  the  tar  acids.  These 
tar  acids  were  roughly  divisible  into  the 
readily  volatile  acids  soluble  in  water 
(carbolic  and  cresylic),  and  the  heavy, 
almost  non-volatile,  acids  insoluble  in 
water.  The  latter  class  had  not  been 
thoroughly  studied,  but  it  was  known  to 
be  powerfully  antiseptic,  and  anti-para- 
sitic. He  therefore  considered  the  creo- 
sote best  adapted  for  the  "  pickling  "  of 
timber  to  be  a  creosote  containing  suf- 
ficient solid  hydrocarbon,  such  as  naph- 
thaline, to  be  solid  at  a  temperature 
slightly  above  the  average  climatic  or 
other  temperature  to  which  the  timber 
was  to  be  ultimately  exposed  ;  at  the 
same  time,  to  prevent  the  attacks  of 
parasitic  insects,  etc.,  the  heavy  tar  acids 
should  be  present.  No  reliance  should 
be  placed  on  carbolic  and  cresylic  acids 
for  pickling  timber,  seeing  they  were  so 
readily  removed  by  the  action  of  water 
and  climatic  heat.     It  was  well   known 


130 


VAN  nostrand's  engineering  magazine. 


that  their  albuminous  combinations  were 
readily  broken  up  by  simple  washing 
with  water;  as  germicides  and  anti- 
septics, when  retained  in  situ,  these 
acids  were  invaluable  for  surgical  use 
and  disinfection,  and  to  these  purposes 
they  should  be  relegated. 

Mr.  T.  E.  M.  Marsh  exhibited  speci- 
mens of  timber  used  by  the  late  Mr. 
Brunei  in  1839.  These  were  fair  samples 
of  the  bulk  of  the  timber  of  the  ribs 
of  the  skew  bridge  over  the  River  Avon, 
at  the  Bath  station  on  the  Great  West- 
ern Railway.  The  timber  was  cut  from 
Memel  balk,  and  was  kyanized.  It  was 
quite  sound  after  forty  years'  service. 
The  kyanizing  process  had  been  em- 
ployed extensively  by  the  late  Mr.  Brunei 
in  the  early  works  of  the  Great  Western 
Railway.  The  permanent-way  timbers 
were  thus  prepared,  and  gave  excellent 
results  as  to  preservation  from  decay, 
as  was  shown  by  specimens  cut  from 
various  parts  of  the  line,  between  Lon- 
don and  Bristol,  after  having  been  laid 
from  fifteen  to  twenty  years.  Mr.  Marsh 
had  gained  much  experience  in  the  prep- 
aration and  uses  of  creosoted  timber, 
both  while  acting  for  Mr.  Brunei,  and 
subsequently  up  to  the  present  time.  In 
the  early  days  of  the  process,  the  tar 
from  which  creosote  was  prepared  was 
not  subjected  to  the  extraction  of  so 
many  chemical  ingredients  as  was  now 
the  case,  and  the  naphthaline,  or  salt 
precipitated  was  comparatively  small, 
and  considered  of  little  value.  No  diffi- 
culty was  then  experienced  in  getting  a 
good  admixture  of  light  and  heavy  oil  in 
a  fluid  state,  of  satisfactory  color,  con- 
sistency and  taste,  and  complying  with 
the  rough  and  ready  tests  adopted.  Mr. 
Brunei  adopted  the  process  extensively 
from  its  early  introduction  by  Mr. 
Bethell,  in  bridges  and  permanent  way, 
and  much  of  those  timbers  and  struc- 
tures remained  in  use  at  the  present 
day.  It  was,  however,  soon  discovered 
that  it  was  of  great  importance  the  tim- 
ber should  be  well  seasoned  and  dry, 
and  that  it  was  worse  than  useless  to 
creosote  unseasoned,  damp  or  wet  tim- 
ber. Some  alarming  cases  of  internal 
decay  had  been  discovered,  attributable 
to  these  causes.  Of  late  years,  on  ac- 
count of  the  greater  demands  on  the 
timber  merchants,  and  for  other  reasons, 
the  preparation  of  creosoted  timber  had 


not  always  had  such  careful  considera- 
tion. The  processes  were  often  carried 
on,  not  only  not  under  cover,  but  water 
in  variable  quantities  was  generally 
found  in  the  tanks  from  which  the  oil 
was  pumped  into  the  pressure-cylinders, 
and  solid  salts  and  a  mixture  of  mud  and 
the  residuum  and  drainage  of  objection- 
able matter  from  the  timber  of  preceding 
charges,  accumulated  in  the  tanks  and 
returned  again,  to  the  detriment  of  sub- 
sequent charges.  It  not  unfrequently 
happened  that  timber  coming  from  the 
pressure-cylinders  might  be  found  with 
some  portions  presenting  no  trace  what- 
ever of  creosote  even  on  the  surface,  but 
showing  only  signs  of  the  contact  of 
dirty  water,  when  the  quantity  of  creo- 
sote injected  was  supposed  to  have  been 
50  gallons  to  the  load.  Such  facts,  Mr. 
Marsh  asserted,  were  sufficient  to  ac- 
count for  many  reported  failures,  with- 
out reference  to  the  chemical  questions 
as  to  the  relative  values  of  the  constitu- 
ent parts  of  the  oil.  Mr.  Marsh's  in- 
structions to  his  inspectors  for  the  prep- 
aration and  pickling  of  timber,  where 
thorough  efficiency  was  desired,  were 
based  on  his  own  personal  observa- 
tions, and  were  as  follows  : 

"The  state  of  the  tanks  from  which 
the  creosote  is  being  drawn  while  the 
pressure  progresses,  and  before  any 
creosoting  is  done,  must  be  examined, 
and  if  found  to  contain  salty  or  muddy- 
sediment  at  the  bottom,  or  water  at  the 
top,  or  the  nature  of  the  creosote  other- 
wise bad,  its  use  must  be  protested 
against.  Samples  must  be  taken  by  a 
tube  dipped  to  test  the  liquid  at  various- 
depths,  particularly  the  upper  and  lower 
portions  of  about  12  inches  of  the  top, 
and  the  same  at  the  bottom.  This  must 
be  strictly  attended  to.  No  steam  shall 
be  let  into  the  creosote  anywhere.  The 
numerous  pipes  used  for  heating,  and 
sometimes  hoses  and  joints,  may  give  the 
means  of  mixing  in  steam  during  the 
process,  and  hence  the  condensed  water, 
which  must  not  be  permitted  under  any 
circumstances.  Sometimes  the  appear- 
ance of  the  timber  after  creosoting  will 
show  that  water  has  been  in  contact  with, 
it.  The  thorough  good  creosoting  must 
also  be  checked  by  a  chisel  at  the  sound 
hearty  parts  of  the  timber,  and  the 
penetration  checked  by  weighing  trial 
sticks  with   each   charge   (these   should 
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not  be  open  sappy  timbers,  and  they 
should  be  the  least  dry  rather  than  those 
to  favor  absorption  more  than  the  bulk 
in  the  same  charge).  A  good  percent- 
age, over  50  glallons  to  the  load,  must  be 
injected  so  as  to  allow  for  outside  drain- 
age when  drawn  out  of  the  cylinder.  In 
weighing,  50  gallons  may  be  reckoned  as 
550  lbs.  If  the  timber  be  not  quite  sat- 
isfactory and  perfectly  dry,  and  immedi- 
ate delivery  is  urgently  wanted,  then  a 
considerable  extra  quantity  must  be  in- 
jected, as  much  as  10  per  cent.,  or  fur- 
ther drying,  and  under  cover,  must  be 
insisted  upon,  but  in  no  case  must  posi- 
tively wet  or  damp  timber  be  allowed  to 
go  into  the  pressure  cylinders." 

Mr.  Benjamin  Nickels  observed 
that  he  was  much  gratified  in 
no  ling  that  the  author  had  drawn 
special  attention  to  the  compound 
acridine,  pointing  out,  at  the  same 
time,  its  high  antiseptic  value  as  a  con- 
stituent of  creosoting  materials.  It  would 
appear  that  his  impressions  had  been 
based  on  certain  marked  properties  ex- 
hibited by  this  peculiar  substance,  no- 
tably its  intense  pungency,  acridity,  and 
high  antiseptic  value,  also  its  immunity 
from  loss  by  evaporation  and  the  solvent 
action  of  water.  As  little  beyond  a  mere 
reference  to  the  compound  had  been 
made,  it  might  be  of  interest  to  state 
what  had  been  done  in  other  directions, 
and  so  far  as  it  might  corroborate  the 
views  advanced  by  its  author.  In  the 
year  1882  he  was  induced  to  take  out  a 
patent  for  a  composition  to  be  used  as  an 
insecticide,  and  for  the  coating  of  ships' 
bottoms  and  other  submerged  surfaces, 
and  in  which  acridine  played  an  import- 
ant part.  He  had,  during  a  previous  ex- 
perience, met  with  many  opportunities  of 
observing  the  painfully  irritating  action 
of  the  heavier  tar  oils,  arising  from  hand- 
ling during  the  treatment  and  purifica- 
tion of  anthracine,  due  to  the  presence 
of  acridine,  and  as  an  outcome  of  the  ob- 
servation it  had  occurred  to  him  that  this 
substance  should  constitute  an  effective 
"  antifoul,"  inasmuch  as  it  would  be  al- 
most impossible  for  animal  life  to  remain 
in  contact  with  it.  Experiment  in  nu- 
merous directions  fully  supported  the 
idea  ;  but  the  question  arose,  would  the 
acridine  resist  the  prolonged  solvent  ac- 
tion of  water,  and  remain  effective  for  a 
lengthened  period,  and  in  the  thin  coat- 


ing of  any  composition  that  could  be  ap- 
plied as  a  paint  to  a  ships'  side?  Opin- 
ion varied  considerably  as  to  ultimate 
success  when  attempted  on  a  practical 
scale,  although  laboratory  trials  had  shown 
that  such  composition  was  unacted  upon 
in  still  water.  The  first  experiment  of 
any  importance  was  made  on  a  small  iron 
barque  (the  "Cordova")  which  sailed 
from  London  for  the  Falkland  Islands 
about  the  end  of  January,  1882,  return- 
ing at  the  end  of  October,  after  an  ab- 
sence of  nine  months,  during  which  her 
hull  had  been  constantly  submerged. 
Previous  to  sailing,  portions  of  her  plates 
towards  the  lower  part  of  the  vessel,  and 
where  subjected  to  the  greatest  wash, 
had  been  coated  in  the  ordinary  way  of 
applying  a  ship's  paint  with  acridine 
composition,  prepared  in  conformity  with 
the  patent  referred  to.  He  was  present 
on  her  return  to  England,  and  upon  the 
vessel  being  docked  for  repainting  and 
repair,  he  made  a  close  inspection  of  the 
portion  that  had  been  originally  coated 
with  the  composition.  He  found  that 
the  paint  had  remained  intact,  presenting 
a  smooth  and  unbroken  surface ;  it  had 
adhered  most  tenaciously  to  the  iron 
plates,  completely  protecting  them  from 
the  action  of  the  sea.  There  was  no  ad- 
hesion of  barnacle  or  weed,  and  the  evi- 
dence of  contained  acridine  was  very 
manifest  on  applying  the  tongue  to  por- 
tions of  the  composition  scraped  from 
the  side  of  the  vessel.  Subsequent  ex- 
amination showed  that  there  had  been 
little  or  no  loss  of  acridine,  and  that  the 
prolonged  and  beating  action  of  swiftly- 
I  running  and  boisterous  seas  had  failed 
|  in  removing  or  washing  out  the  acridine 
j  originally  incorporated  in  the  paint  ap- 
plied. Since  the  date  of  this  experiment 
many  others  had  been  made,  and  were 
still  on  hand,  with  vessels  on  long  sea- 
i  voyages,  and,  as  far  as  he  was  enabled 
I  to  state,  the  results  obtained  had  been  of 
i  a  satisfactory  character. 

It  would  be  difficult,  perhaps,  to  cite 
more  complete  illustrations  of  the  indif- 
ference of  a  substance  to  severe  water  ac- 
tion ;  and  the  author  might,  he  thought; 
rest    well    assured    that  his  statements 
•  concerning  this  singular  tar  product  were 
■  in  nowise  overrated  or  exaggerated.     As 
'■  regarded  the  antiseptic  character  of  acri- 
dine, he  might   mention    that  it  was  of 
i  high  value,  extremely  small  quantities  be- 
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ing  sufficient  to  arrest  the  change  in 
many  organic  substances  prone  to  rapid 
decomposition. 

Mr.  Martin  F.  Koberts  wished  to  di- 
rect attention  to  a  point  which  had  in- 
fluenced engineers  in  their  preference  for 
the  so-called  "  Country  oil,"  viz.,  that  of 
economy.  Engineers  would  be  aware 
that  in  drawing  up  specifications  it  was 
usual  to  stipulate  for  a  certain  quantity 
of  creosote  to  be  injected  into  a  cubic 
foot  of  timber,  usually  6,  8  or  10  lbs., 
the  contractor's  price  for  creosoting  be- 
ing regulated  according  to  the  quantity 
specified ;  and  it  thus  became  necessary 
for  engineers  to  consider  whether,  say  8 
lbs.  per  cubic  foot  of  the  thick,  heavy, 
London  creosote  penetrated  as  far  into 
the  timber  as  8  lbs.  of  the  thinner  coun- 
try oils.  He  was  sure  all  engineers  would 
agree  that  it  would  not ;  and  from  his 
own  experience  he  was  able  to  say  that, 
with  telegraph  poles,  in  many  places 
where  8  lbs.  of  London  creosote  per  cu- 
bic foot  had  been  injected,  it  had  not 
penetrated  more  than  half  through  the  sap- 
wood,  whereas  a  similar  quantity  of  coun- 
try oil  would  have  penetrated  completely 
to  the  heartwood,  although,  of  course,  the 
country  oil  would  not  leave  as  large  a  de- 
posit of  solid  substances  in  the  pores  of 
the  timber.  It  was,  therefore,  desirable 
to  consider  whether  it  was  better  to 
have  the  sapwood  completely  injected 
with  thin  oil  at  a  certain  price,  or  the 
outer  portion  only  injected  with  thick 
oil  at  the  same  cost,  and  his  experience 
led  him  to  prefer  the  complete  injection 
by  the  thin  oil.  His  ground  for  arriving 
at  this  conclusion  was  that,  although  he 
had  met  with  many  samples  of  creosoted 
timber  in  which  a  portion  of  the  sap- 
wood  had  decayed  where  the  creosote 
had  not  penetrated,  he  had  never  met 
with  a  piece  of  timber  having  decayed 
where  the  creosote  had  penetrated,  except 
in  one  instance  in  a  Government  tele- 
graph pole,  referred  to  in  the  discussion  ; 
and  even  in  this  case  he  thought  it  well 
to  ask  if  the  decay  had  taken  place  before 
or  after  creosoting.  Engineers  acquaint- 
ed with  red  fir  timber  would  remember 
that  what  was  called  a  "  foxey  pole  "  was 
occasionally  found,  in  which,  although 
the  outer  portion  or  all  of  the  sapwood 
might  be  quite  sound,  some  of  the  inner 
portion  of  the  pole  had  decayed  before 
felling  ;  and  it  was  often  a  difficult  mat- 


ter, even  for  an  experienced  inspector,  to 
detect  such  a  pole.  It  would  easily  be 
conceived  that  in  such  a  case  the  decay 
might  be,  and  often  was,  attributed  to  a 
defective  quality  of  creosote  having  been 
used,  instead  of  to  the  fact  that  a  por- 
tion of  the  pole  was  rotten  when  treated. 
The  remarks  made  by  the  author  un- 
der the  heading  of  "The  Conflicting 
Theories  of  Putrefaction,"  in  which  he 
spoke  of  the  "gaping  orifice  of  a  crack 
produced  by  the  sun  in  a  piece  of  tim- 
ber," would  appear  to  specially  point  to 
the  necessity  for  the  use  of  a  thin,  pene- 
trating oil,  as  timber  would  crack  after 
long  exposure  in  the  sun,  even  if  it  had 
been  creosoted  with  the  thickest  London 
oil ;  and  in  these  cases  the  oil  which  had 
penetrated  the  deepest  would  be  more  ef- 
fective, as  it  was  the  most  likely  to  have 
genetrated  beyond  the  depths  of  the 
crack.  If  it  were  the  practice  to  com- 
pletely saturate  the  entire  mass  of  tim- 
ber with  creosote,  and  if  it  were  found 
possible  to  do  so  in  all  cases,  there  would 
then  be  no  objection  to  the  use  of  Lon- 
don oils ;  but  as  the  question  of  cost  had 
to  be  considered,  and  the  smallest  quan- 
tity of  creosote  per  cubic  foot  which  was 
found  to  answer  the  purpose  was  there- 
fore specified  for,  the  thinner  country  cre- 
osote was  preferred,  owing  to  its  greater 
penetration,  weight  for  weight.  In  Mr. 
Coisne's  experiment  with  shavings,  the 
conditions  were  so  totally  different  to 
those  met  with  in  ordinary  practice,  that 
too  much  reliance  should  not  be  placed 
in  them.  It  was  obviously  an  easy  mat- 
ter to  completely  saturate  shavings  either 
with  thick  or  thin  creosote,  but  with 
telegraph  poles  and  railway  timber  the 
creosote  never  penetrated  completely 
through  the  timber,  and  it  could  not  be  con- 
tended that  the  exclusion  of  germs  alone 
prevented  putrefaction,  as,  if  so,  a  coating 
of  tar  would  prevent  decay.  What  was 
necessary  was  that  the  germs  of  decay  in 
the  timber  should  also  be  destroyed,  and 
this  could  only  be  accomplished  by  bring- 
ing all  that  portion  of  the  timber  more 
liable  to  decay — viz.,  the  sapwood — under 
the  influence  of  a  creosote  of  consider- 
able penetrating  power.  If  evidence  in 
support  of  this  assertion  were  needful, 
it  would  only  be  necessary  to  refer  to  the 
fact  that  engineers  strictly  barred  the 
use  of  whitewood  timber  for  telegraph 
poles  and   other  purposes,  owing  to  its 
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being  found  impossible  in  practice  to  in- 
ject creosote  into  whitewood  to  a  greater 
depth  than  J  or  f  of  an  inch  from  the 
surface,  and  whitewood  timber  so  pre- 
pared, either  with  London  or  country 
creosote,  was  found  to  decay  rapidly.  It 
would  appear  that  the  best  system 
of  creosoting  would  consist  in  first  in- 
jecting the  timber  with  thin  "country 
oil,"  then  running  the  thin  oil  off  and 
filling  the  cylinder  with  London  creosote, 
which,  being  forced  in  by  increased 
pressure,  would  drive  the  thinner  oil  fur- 
ther into  the  timber,  and  the  thicker  cre- 
osote would  hermetically  seal  the  outer 
pores  of  the  timber.  Failing  this  proc- 
ess, owing  to  its  increasing  the  cost,  it 
would  appear  advisable  to  use  thin  creo- 
sote, and  if  it  was  considered  that  thin 
oil  did  not  sufficiently  fill  the  outer  pores 
of  the  timber,  the  process,  at  a  trifling 
cost,  could  be  supplemented  by  giving 
the  timber  a  coat  of  hot  tar. 

Mr.  Greville  Williams  stated  that  he 
regarded  the  paper  as  the  most  valuable 
and  exhaustive  contribution  yet  made  to 
the  literature  of  the  subject.  He  agreed 
with  Dr.  Meymott  Tidy  and  the  author  in 
considering  that  the  value  of  the  carbolic 
acid  in  creosote  oils  had  been  overrated. 
He  believed  that  an  oil  from  which  the 
carbolic  acid  had  been  removed  would 
sterilize  wood,  if  thoroughly  impregnated 
with  it,  partly  by  virtue  of  the  organic 
alkaloids  present,  and  partly  by  the  pro- 
tective influence  of  the  heavier  oils  them- 
selves. He  had  satisfied  himself  by  care- 
ful experiments  that  the  alkaloids  exer- 
cised a  potent  influence  in  preventing  the 
development  of  bacteria,  mould,  and  mi- 
croscopic fungi  in  vegetable  infusions. 
He  thought,  moreover,  that  where  wood 
had  to  be  exposed  to  the  action  of  sea- 
water,  it  would  be  advantageous  to  use  a 
creosote  containing  a  high  percentage  of 
the  alkaloids ;  this  could  easily  be  attained 
by  well-known  methods.  Although  the 
minute  quantities  of  carbolic  acid  remain- 
ing in  old  creosoted  timbers  were  too  small 
to  account  for  their  preservation,  he  con- 
sidered it  right  to  say  that,  by  a  suffi- 
ciently delicate  method  of  manipulation, 
he  had  rarely  failed  in  getting  evidence 
of  its  presence  even  thirty  years  after  the 
wood  had  been  creosoted.  He  found 
traces  of  it  in  eleven  out  of  fourteen 
specimens  which  had  been  creosoted  from 
twenty-five   to   thirty-two   years   before. 


The  organic  alkaloids,  however,  which  re- 
mained, were  sufficient  to  allow  quantita- 
tive estimation.  He  thought  that  no  chem- 
ist, who  had  examined  very  old  sleepers 
for  carbolic  acid,  could  come  to  any  other 
conclusion  than  that  the  traces  remaining 
were  insufficient  for  their  protection.  A 
point,  moreover,  of  great  importance  for 
the  proper  comprehension  of  the  subject, 
was  involved  in  this  almost  entire  disap- 
pearance of  the  carbolic  acid.  If  the  co- 
agulation of  the  albumen  by  the  carbolic 
acid  were  the  cause  of  the  preservation 
of  the  timber,  how  was  it  that  this  acid 
almost  entirely  disappeared?  The  in- 
stability of  the  compound,  of  albumen 
with  carbolic  acid,  was  well  known  to 
those  chemists  who  had  minutely  exam- 
ined it ;  nothing  more  conclusively  proved 
this  instability  than  the  disappearance  of 
the  carbolic  acid.  With  regard  to  the 
naphthaline,  he  thought  it  significant  that 
it  was  only  absent  from  two  of  the  sleep- 
ers he  had  examined.  There  could,  he 
considered,  be  no  question  that  naphtha- 

!  line,  although  perhaps  feeble  as  a  germi- 

J  cide,  properly  so  called,  was  very  valuable 
as  a  sterilizer ;  it  was  insoluble  in  water, 
and  once  in  the  wood,  clung  to  it  tena- 
ciously. He  was  also  most  decidedly  in 
favor  of  the  removal  of  all  restrictions  as 
to  maximum  boiling-point,  and  considered 
that,  if  the  oils  were  fluid  at  the  temper- 
ature  of    injection    (say    100°    to     120° 

|  Fahrenheit),  that  was  all  that  was  need- 
ful. On  the  whole  question,  he  found 
himself  able  to  thoroughly  indorse  the 
conclusions  of  the  author  and  Dr.  Tidy, 
and  he  considered  that  specifications 
which  excluded  the  use  of  London  oils 
were  framed  under  a  misapprehension  of 
the  true  nature  of  the  condition  requisite 

I  to  afford  a  good  creosote. 

A  patent  taken  out  for  a  yellow  metal, 
by  T.  Parker,  describes  it  as  of  great  ten- 
sile and  compressive  strength  and  hard- 
ness, and  made  by  melting  copper,  50 
parts ;  spelter  dross,  25-30;  spelter,  12-17; 

I  tin,  2|  parts  ;  with  a  flux  of  the  following 
composition  made  into  a  paste :  Salt 
cake,  5  parts ;  coal-dust,  5 ;  silica,  15 ; 
bone  ash,  20  parts.     Manganese  or  cop- 

!  per  sulphate,  or  the  chlorides  of  these 
metals,  and  also  common  salt,  may  be 
used  in  place  of  the  salt  cake.  This  flux 
is  also  applicable  to  the  founding  of  brass 
and  tronze  generally. 


134 


van  nosteand's  engineeeing  magazine. 


TECHNICAL  EDUCATION. 

By  HENRY  CUNYNGHAME. 
From  the  "Journal  of  the  Society  of  Arts." 


The  question  of  technical  education  is 
one  which  is  daily  growing  into  greater 
importance.  The  report  of  the  Techni- 
cal Education  Commission  has  afforded 
fresh  information  as  to  the  condition  of 
technical  schools  abroad,  and  the  efforts 
which  have  been  lately  devoted  to  the 
subject  have  attracted  public  attention  at 
home.  There  is,  however,  one  applica- 
tion of  technical  education  of  which  I 
wish  particularly  to  speak  this  evening, 
namely,  its  relations  to  the  apprentice- 
ship system. 

By  technical  education  is  meant  in- 
struction in  the  art  of  applying  the  dis- 
coveries of  science  to  the  requirements 
of  modern  industry.  It  is  not  scientific 
teaching,  in  the  strict  sense  of  the  word, 
nor,  on  the  other  hand,  is  it  mere  crafts- 
manship. It  is  rather  the  application  of 
science  to  craftsmanship.  To  take  an  ex- 
ample, the  mode  of  treatment  of  electri- 
cal subjects  given  in  the  works  of  the 
late  Professor  Clarke  Maxwell  is  purely 
scientific  and  mathematical ;  in  his  hands 
electricity  is  an  applied  mathematical  sci- 
ence. In  the  hands  of  Faraday,  elec- 
tricity becomes  an  experimental  science. 
But  neither  the  teaching  of  Faraday  nor 
Maxwell  is  of  exactly  the  kind  that  is 
suitable  for  a  mechanic — something  more 
practical  is  needed  ;  the  body  of  truth 
must  be  arranged  rather  with  a  view  to 
action  than  to  knowledge.  This  requires 
a  bent  of  mind  that  is  midway  between 
science  and  craft ;  it  is  the  liberal  part  of 
the  education  of  an  artisan.  We  require 
manual  dexterity,  guided  by  wide  views, 
and  scientific  knowledge  accompanied  by 
executive  power.  Hence  it  follows  that 
it  is  useless  to  expect  the  technical  school 
to  take  the  place  of  the  workshop,  or  a 
technical  course  of  instruction  to  replace 
the  apprenticeship  system. 

How  often  does  the  engineering  train- 
ing given  to  some  young  gentleman  re- 
sult in  making  him  a  mere  theoretician, 
an  architect  who  cannot  lay  a  brick,  or  a 
surveyor  who  does  not  know  as  much  of 
detail  as  a  small  practical  builder  ?  And, 
on  the  other  hand,  how  many  artisans  are 


there,  of  excellent  practical  skill,  whose 
efforts  are  not  guided  by  any  scientific 
knowledge,  and  who  work  entirely  by 
rule  of  thumb  ?  They  even  distrust  and 
dislike  theory,  not  recognizing  that  the 
true  aim  of  theory  is  to  classify  and  em- 
body the  soundest  rules  of  practice. 

This  truth  is  seen  more  clearly  when 
we  read  the  lives  of  original  thinkers  like 
"Watt  or  like  James  Nasmyth.  Their 
success  consisted  in  the  art  for  which, 
as  a  nation,  the  English  are  so  conspicu- 
ous, of  reducing  theory  to  practice,  and 
again,  of  evolving  theories  out  of  practi- 
cal results.  So  far  from  theory  being  op- 
posed to  practice,  no  great  success  can 
be  achieved  without  an  intimate  union  of 
the  two,  and  no  rule  is  safe  nor  result 
sound,  unless  both  are  blended  into  har- 
monious union.  Here  is  the  true  aim  of 
technical  education. 

In  the  report  on  technical  instruction 
of  1884,  it  is  recommended  not  only  that 
charitable  endowments  be  applied  to 
technical  instruction,  but  even  that  local 
authorities  should  be  empowered  to 
establish,  maintain  and  contribute  to  the 
establishment  and  maintenance  of  techni- 
cal schools  and  colleges.  This  recom- 
mendation is  calculated,  and  with  reason, 
to  alarm  the  mind  of  the  already  bur- 
dened taxpayer.  He  may  well  ask 
whether,  having  undertaken  to  educate 
all  the  children  in  England  in  the  three 
B's,  he  is,  in  addition,  to  be  saddled  with 
the  expense  of  teaching  every  artisan  his 
trade.  And  when  the  enormous  expense 
of  technical  instruction  is  considered,  as 
displayed  in  the  details  of  the  two  vol- 
umes of  the  commission,  the  ratepayer 
may  well  shrink  from  the  prospect. 

It  is,  therefore,  incumbent  on  the 
friends  of  technical  education  to  consid- 
er how  it  may  be  most  economically  car- 
ried out;  and  I  believe  it  will  be  found 
that  the  solution  of  this  question  lies, 
not  in  attempting  to  replace  workshop 
training  by  classes  or  lectures,  but  rather 
to  supplement  it  by  theoretical  instruc- 
tion. And  the  best  time  of  life  to  do 
this  is  during  the  period  when  the  mind 
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is  most  receptive,  namely,  during  those 
years  in  which  the  artisan  is  serving  his 
apprenticeship. 

It  is  often  rather  hastily  said  that  the 
apprenticeship  system  is  dead.  I  think 
that  nothing  is  a  greater  mistake.  I  be- 
lieve that  if  careful  inquiry  were  made, 
it  would  be  found  that  most  good  arti- 
sans have  been  apprentices,  and  that  the 
greater  part  of  boys  now  learning  trades 
are  serving  five  or  seven  years.  But 
there  a  great  difference  between  the  ap- 
prenticeship system  of  to-day  and  that  of 
the  past.  In  former  times  the  appren- 
tice was  usually  an  inmate  of  his  master's 
Jiouse,  who  boarded,  lodged  and  clothed 
him.  Now,  the  boy,  in  general,  lives 
with  his  parents,  or  else  with  some  rela- 
tion or  friend,  generally  paying  for  his 
keep,  at  least  in  part,  out  of  his  earnings. 

Moreover,  the  spread  of  handicraft  lit- 
erature has  almost  destroyed  trade  mys- 
teries or  secrets,  and  the  result  is  that,  in 
the  greater  number  of  trades,  no  pre- 
mium is  now  required  from  a  boy  on  his 
going  into  articles  for  seven  years.  On 
the  contrary,  he  generally  begins  with 
low  wages,  averaging  apparently  about 
5s.  per  week  during  the  first  year,  and 
rising  to  15s.  or  18s.  per  week  during  the 
last 

The  strictness  of  the  system  depends 
greatly  on  the  nature  of  the  trade.  For 
instance,  in  those  trades  which  are  not 
greatly  subject  to  foreign  competition, 
trade  societies  are  usually  powerful — as, 
for  instance,  the  bookbinding  trade. 
Most  of  the  shops  or  factories  in  these 
trades  are  society  shops,  and  therefore  it 
is  exceedingly  difficult  for  a  workman 
to  obtain  employment  unless  he  has 
served  his  term  of  apprenticeship,  and 
his  articles  have  been  duly  vised  by  the 
officers  of  the  society. 

In  other  trades,  such  as  clock  and 
watch  making,  the  competition  from 
Prance,  Switzerland  and  America  is  so 
formidable  that  the  societies  have  but 
little  power,  and  hence  the  apprentice- 
ship system  is  laxly  administered. 

Now,  I  think  that  all  attempts  at  tech- 
nical education  will  be  imperfect  that  do 
not,  to  a  certain  extent,  deal  with  the  ap- 
prenticeship question.  It  is  in  the  work- 
shop that  the  artisan  must  be  really 
formed ;  just  as  the  barrister  must  be 
trained  in  chambers,  or  the  doctor  in  an 
hospital.     At  the  same  time,  what   the 


university  is  to  the  advocate  or  medical 
man,  the  technical  school  should  be  to 
the  artisan ;  only,  however,  with  this  dif- 
ference, that  it  is  generally  necessary 
that  while  he  is  learning,  the  artisan 
should  also  be  working,  and  that  his 
technical  instruction  should  go  on  con- 
temporaneously with  his  workshop  em- 
ployment. At  present  considerable  sums 
are  yearly  spent  out  of  charity  funds  in 
paying  fees  on  indentures.  With  some 
exceptions,  I  believe  that  money  so  spent 
is  almost  wholly  thrown  away.  Since 
the  masters  are,  in  most  trades,  willing 
to  take  boys  without  a  fee,  the  payment 
of  a  fee  only  enables  the  charity  trustees 
to  bargain  with  the  employer  for  higher 
wages  for  the  boy,  and  thus  to  cause  the 
fortunate  inhabitants  of  some  ancient 
precinct  or  parish  to  secure  one  or  two 
shillings  per  week  pay  more  than  their 
fellows  in  the  same  shop — a  result  which, 
it  must  be  admitted,  is  not  desirable. 

Moreover,  under  the  present  system, 
sufficient  care  is  not  taken  to  select  for 
the  boy  a  trade  that  is  suited  to  his  abil- 
ity. Indeed,  under  the  present  system, 
this  is  impossible.  He  is  asked  by  the 
trustees,  or  by  their  clerk,  what  trade  he 
would  like.  Now,  it  is  notorious  that 
boys  have  the  very  vaguest  ideas  of  what 
they  desire.  Some  tale  by  a  friend,  or 
some  story  in  a  boys'  journal,  supplies 
them  with  a  picture  of  life,  and  in  most 
instances  they  only  ask  for  a  light  trade 
and  a  kind  master.  The  articles  are 
then  signed  and  the  money  paid,  and  the 
seven  years'  contract  is  irrevocable.  In  too 
many  instances  the  boy  only  finds  that  he 
has  embarked  in  a  career  that  he  dislikes, 
and  the  master,  that  he  has  got  an  un- 
suitable apprentice. 

Moreover,  under  the  present  system, 
the  boys  are  not  sufficiently  looked  after 
out  of  work  hours.  Whatever  may  be 
our  opinion  of  the  undesirability  of  over- 
parentalism  towards  men,  there  is  no 
doubt  that  it  is  good  for  boys  to  feel 
that  there  is  someone  who  has  authority 
over  tkem,  and  who  desires  their  wel- 
fare, who  takes  an  interest  in  their  work, 
and  who  will  endeavor  to  rescue  them  if 
they  fall  into  dissolute  habits.  No  one 
who  has  witnessed  the  work  that  the 
late  General  Gordon  did  among  the 
ragged  boys  of  the  suburbs  of  the  East 
of  London  can  ever  under-estimate  such 
influences.     To  exercise  such  supervision 
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has  ceased  to  be  the  master's  duty,  and 
now  it  is  left  to  chance.  Hence  it  is 
that  anyone  who  will  visit  the  lower  and 
cheaper  music-halls  of  London  will  find 
them  crowded  with  apprentices  about 
seventeen  years  of  age.  Here  it  cannot 
be  said  that  their  taste  is  improved,  or 
their  habits  of  sobriety  encouraged,  and 
here  too  often  they  form  friendships 
which  lead  them  into  extravagance  and 
idleness,  and  often  connections  with  the 
other  sex  that  are  immoral  and  undesir- 
able, and  end  by  producing  lives  of  mis- 
ery for  others  besides  themselves. 

To  counteract  the  evil  I  have  spoken 
of,  there  appears  to  me  no  more  useful 
plan  than  to  form  youths'  institutes.  The 
duties  of  the  officials  of  these  institutes 
should  be  to  see  to  the  apprenticing  of 
boys,  encouraging  them  to  enter  such 
trades  as  offer  good  prospects,  and  en- 
deavoring to  guide  their  choice.  In  all 
cases  a  month's  trial  without  pay  should 
be  insisted  on,  and  free  liberty  given  to 
master  and  boy  to  refuse  the  proposed 
contract  at  the  end  of  the  time.  There 
is  no  fear  that,  under  such  conditions,  a 
boy  will  desire  to  change  too  often. 

At  such  institutions  lists  should  be 
kept  of  masters  desiring  hands,  and  of 
boys  desiring  to  learn  trades.  The  char- 
acter of  the  masters  should  be  carefully 
investigated  with  a  view  to  ascertaining 
whether  they  are  fit  and  proper  persons, 
or  whether  they  have  lately  been  bank- 
rupt, and  are  likely  not  to  be  able  to  ful- 
fil their  engagements. 

Moreover,  the  boys  should  be  periodic- 
ally inspected,  a  monthly  report  being 
given  by  the  master  respecting  their  con- 
duct; and,  on  the  other  hand,  steps 
taken  to  compel  the  masters  to  stand 
fairly  by  their  side  of  the  contract. 

It  may  be  a  matter  for  question  whether 
the  society  should  aid  a  master  in  pun- 
ishing an  apprentice  who  runs  away  or 
steals.  At  present,  when  an  apprentice 
breaks  his  articles,  few  masters  will  take 
the  trouble  to  prosecute  him,  and  hence 
is  laid  the  foundation  for  the  idea,  so 
prevalent  among  all  classes  of  mechanics, 
that  no  working  man  is  to  be  considered 
in  any  way  bound  to  a  contract.  This 
is  a  source  of  constant  loss  to  masters, 
and  results  in  lower  wages  to  men,  and 
nothing  would  counteract  it  so  effective- 
ly as  to  force  boys,  from  their  earliest 
years,   to   see  that  if  they  make  a  con- 


tract they  are  to  be  bound   to  stick  to 
it. 

I  do  not  believe  that  it  will  be  neces- 
sary or  beneficial  to  pay  the  apprentice- 
ship fees  out  of  charity  money.  Quite 
sufficient  aid  would  be  given  by  lending 
it,  subject  to  gradual  repayment,  say,  of 
6d.  per  week  out  of  weekly  wages. 

Such  institutions  should  be  closely 
connected  with,  and  form  part  of  tech- 
nical schools.  Most  of  the  classes  would 
naturally  be  evening  classes,  and  the 
subjects  so  chosen  as  to  be  useful  to  the 
boys  in  their  various  trades.  And  it 
would  undoubtedly  much  conduce  to 
the  efficiency  of  such  institutions  if  a" 
certain  number  of  working  men  could  be 
placed  on  the  committee,  to  give  the 
benefit  of  their  experience,  and  to  in- 
spire the  boys  and  their  parents  with 
confidence. 

During  their  apprenticeship,  the  boys 
should  be  encouraged  to  exhibit  proofs 
of  their  skill,  for  which  exhibitions 
should  be  awarded  ;  and  one  of  the 
best  forms  that  scholarships  could  take 
would  be  the  setting  free  of  the  indus- 
trious boy  for  a  few  more  hours  a  day,  in 
order  to  devote  the  time  to  study  at  the 
institute.  Periodical  exhibitions  give  a 
boy  pride  in  his  work,  and  encourage  the 
feelings  of  enthusiasm  with  which  the 
apprentice  in  older  days  was  wont  to  re- 
gard his  "masterpiece." 

And  to  my  thinking,  the  technical 
school  should  not  stop  here.  Amuse- 
ment and  exercise  are  as  needful  for 
boys  as  instruction ;  and  while  it  would 
not  be  right  to  spend  either  money  given 
by  charity  or  raised  by  taxation  in  pro- 
viding amusements,  still  institutions  such 
as  I  have  named  might  lend  spare  rooms 
or  yards  for  gymnasia  or  recreation  pur- 
poses, or  might  provide  baths  and  re- 
freshment rooms,  where  tea  and  coffee, 
or  even  dinner  could  be  got,  but  so  al- 
ways as  in  these  respects  to  be  self-sup- 
porting. A  public  library  available  for 
all  classes  would  be  a  useful  adjunct. 

The  above  scheme  may  perhaps  seem 
very  extensive,  but  it  is  no  more  than  I 
feel  persuaded  can  be  done  without  an 
extravagant  cost,  provided  economy  is 
carefully  studied. 

Moreover,  a  system  akin  to  this  is  now 
in  operation  with  the  best  results,  in  the 
excellent  charity  organization  in  the 
East-end   of   London   managed   by   the 
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Jews.  They  have  unusual  difficulties  to 
contend  with,  owing  to  the  boys,  from 
religious  reasons,  not  being  able  to  work 
on  Saturday;  and  yet  they  have  so  ar- 
ranged matters  as  to  make  the  appren- 
ticeship system  adopted  by  them  almost 
self-supporting. 

And  this  leads  me  to  lay  before  you 
a  few  considerations  upon  the  expense  of 
technical  education.  In  such  institutions 
scientific  apparatus  is  a  necessity. 

It  behooves,  therefore,  the  friends  and 
advocates  of  technical  education  to  en- 
deavor to  discover  whether  the  cost  of 
this  apparatus  cannot  be  so  decreased  as 
to  bring  it  within  the  reach  of  the 
masses,  for  certain  it  is  that  if  technical 
instruction  is  so  costly  as  it  has  hitherto 
proved,  it  is  not  to  be  expected  either 
that  the  working  classes  should  pay  for 
it,  or  that  the  expense  should  be  inflicted 
upon  the  public. 

Every  amateur  who  has  dabbled  a 
little  in  science,  no  less  than  every  man 
who  has  made  it  his  profession,  knows 
the  expense  of  scientific  instruments.  If 
he  wants  to  measure  the  length  of  a  wave 
of  light,  there  is  a  bi-prism  to  be  bought, 
mounted  in  its  stand  of  polished  brass, 
with  a  parallel  slit  in  another  similarly 
polished  stand,  a  collimating  lens,  and  a 
similarly  mounted  telescope,  which,  add- 
ed together,  make  up  a  pretty  heavy  sum 
when  purchased  from  one  of  our  instru- 
ment makers. 

But  people  are  not  sufficiently  aware, 
because  they  have  not  been  taught,  that 
as  far  as  the  verification  of  the  theory 
of  light  goes,  such  wave  lengths  can  be 
measured  with  all  the  accuracy  that  edu- 
cational purposes  require,  with  a  small 
piece  of  visiting  card,  a  piece  of  fine 
wire  gauze  an  inch  square,  and  a  two-foot 
rule,  total  cost,  say  Id. 

In  the  same  way,  a  spectroscope  can 
be  made  out  of  paper  tubes,  cheap 
lenses,  a  few  pieces  of  glass,  and  a  little 
bisulphide  of  carbon,  at  a  total  cost  of, 
say,  5s.,  which  will  divide  the  D  sodium 
line  in  a  manner  quite  sufficient  for  the 
instruction  of  , mechanics.  Instances  of 
this  kind  might  be  multiplied  indefin- 
itely. 

There  is  no  scientific  instrument  of  any 
sort  which  cannot  be  made  to  serve  for 
educational  purposes,  at  a  cost  of  as 
many  shillings  as  it  now  costs  pounds. 
But  such  a  mode  of  study  and  teaching 
Vol.  XXXIII. —No.  2—10 


requires  certain  rules  to  be  rigorously  ad- 
hered to.  In  the  first  place  all  lacquer, 
French  polish,  ornamental  paint,  and 
varnish,  must  be  strictly  discouraged, 
and  even  forbidden.  The  students  must 
be  taught  not  to  spend  one  moment  on 
ornamentation  of  any  kind.  The  one 
aim  must  be  accurate  fit  and  adjustment 
of  essential  parts,  and  absolute  indiffer- 
ence to  all  others.  This  rule  is  harder 
to  enforce  in  practice  than  might  be  im- 
agined. When  a  new  microscope  comes 
home  from  the  maker's,  its  polished  ma- 
hogany case  is  opened,  and  to  the  eyes  of 
the  beginner,  a  vision  of  splendor  is  re- 
vealed in  the  golden  gleam  of  the  shining 
lacquered  brass.  All  this  he  must  stu- 
diously avoid.  It  is  the  mere  joy  of  a 
child  in  a  new  toy.  His  only  care  or 
thought  ought  to  be  whether  the  lenses 
are  optically  true  and  achromatic,  and, 
with  these  conditions  satisfied,  he  should 
be  carefully  weaned  from  the  prejudice  in 
favor  of  varnish  and  veneer. 

I  saw,  lately,  a  spectroscope  by  a  lead- 
ing London  firm.  Nothing  could  be  more 
elegant  than  the  finish  and  polish  of  the 
brass,  but  on  investigation  the  axis  was 
found  too  short,  and  not  truly  in  the 
center  of  the  dividing  plate,  and  the 
tube  of  the  collimator  was  actually  half 
an  inch  too  long.  A  better  result  could 
have  been  obtained  with  some  pieces  of 
wood  and  cardboard  than  with  this 
forty-guinea  instrument.  If  half  the 
time  spent  in  polish  and  lacquer  had 
been  bestowed  on  accuracy  in  the  essen- 
tial parts,  the  instrument  would  have 
been  worth  double  the  money. 

The  first  benefit  of  the  adoption  of 
the  system  of  making  the  students  con- 
struct their  own  apparatus  is,  therefore, 
economy.  All  that  is  needed  is  a  store 
of  flat  glass,  glass  tubing,  wood  of  dif- 
ferent sizes,  brass  discs,  screws,  wire,  and 
various  chemicals,  and  a  few  simple 
tools,  such  as  a  fine  tenon  saw,  pliers, 
and  a  few  files,  while  for  general  use,  a 
glazier's  diamond,  a  grindstone,  and  a 
large  dividing  protractor  and  steel  scale, 
a  pair  of  accurate  balances,  and  a  few 
such  apparatus,  should  be  in  every  labor- 
atory. 

The  comparative  list  in  page  138  will 

I  show,  as  an  example,  corresponding  sets 

of  instruments.     In  the  second  column 

is  placed  the  price  as  usually  charged  by 

I  a  good  instrument  maker  ;  in  the  third, 


138 


VAN  NOSTKATOXS   ENGINEEEING  MAGAZINE. 


the  price  at  which  an  equivalent  instru- 
ment can  be  constructed  by  the  student; 
in  the  fourth,  the  time  a  skillful  workman 
would  take  to  make  the  instrument  and 
adjust  it.  (Of  course  beginners  would 
take  far  longer.) 

On  the  table  I  have  here  a  set  of  tools 
and  chemicals  with  which  many  of  the 
apparatus  here  before  you  were  made, 
and  which  is  amply  sufficient  to  make  all 
that  are  given  in  the  above  list.  The 
cost  of  the  whole  comes  to  £6  10s.  The 
details  are  given  on  a  card  placed  on  the 
table.  In  this  way  a  sum  of  £20  would 
go  far  to  set  up  a  technical  class  with 
the  necessary  tools  and  appliances,  while 
if  it  were  desired  to  do  more  elaborate 
work,  the  addition  of  a  lathe,  bench- vise, 
set  of  drills,  and  other  simple  tools 
could  be  made  for  about  £60.  But  not 
only  is  economy  consulted  by  this  sys- 
tem of  teaching,  the  instruction  is  far 
more  efficient.  Suppose,  for  instance,  it 
be  desired  to  exhibit  the  qualities  of 
polarized  light.  Whether  will  it  be 
better  to  buy  a  shop-made  polariscope 
with  all  the  adjustments  already  made, 
or  to  cause  the  student  to  place  his  re- 
flector at  the  true  polarizing  angle,  to 
secure  it  there  with  neat  pieces  of  cork 
and  sealing  wax,  to  place  his  bundle  of 
microscope  glass  plates  in  a  tube,  again 
securing  the  proper  angle  of  inclination, 
and  to  tinker  up  the  instrument  till  it 
works,  at  an  outlay  for  materials  of,  say, 
a  shilling  ?  Which  of  two  students  will 
use  a  really  fine  instrument  the  best,  one 
who  has  been  trained  in ,  the  manner 
here  advocated,  or  one  who  has  always 
been  provided  with  instruments  ready 
made? 

It  must  be  remembered,  too,  that  this 
course  has  always  been  followed  by  the 
great  discoverers.  We  read  of  Newton 
discovering  the  shadow  fringes  of  light, 
by  means,  as  he  tells  us,  of  two  pointed 
knives  ground  flat,  and  with  their  points 
pricked  into  a  board.  He  misunder- 
stood the  causes  of  the  phenomenon,  but 
Fresnel  afterwards  discovered  and  ex- 
plained them  with  no  better  apparatus 
than  some  pieces  of  cardboard  and  sew- 
ing thread.  Mr.  Justice  Grove's  first 
battery  consisted  of  a  wine  glass,  a  to- 
bacco pipe,  and  some  bits  of  metal. 

It  is  not  sought  here  to  depreciate  ac- 
curate instruments.  For  purposes  of 
measurement  by  an  observer  engaged  in 


Electricity. 
Thomson's  reflecting  galvan- 
ometer  

Ordinary  galvanometers 

Tangent  galvanometer 

Resistance  coils 

Lamp  and  scale 

Magnetic  needle 

Set  of  magnets 

Thermopile 

Four-battery  cells 

Magnetometer 

Small  portable  do 

Induction  coil  and  condenser 

Electrophorus 

Leyden  jar , 

Condensing  electroscope 

Dry  pile , 

Quadrant  electrometer , 

Light. 

Spectroscope , 

Wave  length  measurer 

Liquid  prisms 

Refraction  measurer 

Polariscope 

Concave  and  convex  mirrors 

Telescope* 

Photometer 

Spirit  level 

Sound. 
Monochord  and  weights. . . . 
Glass  tube  for  dust  figures. . 

Telephone 

Microphone 

Heat. 

Expansion  machine 

Differential  thermometer . . . 
Alcohol  thermometer 


£  s.  d. 

s.d. 

10  10  0 

8  0 

1  17  0 

2  6 

3    0  0 

2  6 

2  10  0 

4  0 

0  15  0 

1  6 

0    2  6 

0  1 

0    16 

0  2 

0  17  6 

0  8 

0    6  0 

0  8 

1    1  0 

0  2 

? 

0  1 

0  10  0 

4  0 

0    5  0 

2  0 

0    2  0 

0  8 

0    3  0 

0  1 

0    5  0 

0  6 

10    0  0 

3  0 

5    5  0 

5  0 

? 

0  1 

0  16  0 

0  6 

5    5  0 

1  0 

2  10  0 

1  6 

0    4  0 

0  4 

2  10  0 

2  6 

0    5  0 

0  2 

0    16 

0  2 

1  10  0 

0  8 

0    5  0 

1  0 

0    6  0 

0  6 

0    5  0 

0  4 

10  0 

0  8 

0    5  0 

1  0 

0    16 

0  3 

Hrs, 


12 
6 
4 
9 

I 

4 

2 

2* 
i 

4 

5 

2 
1 

1* 

1£ 
15 


4 

1 

8 
h 
i 


*  An  excellent  lecture  on  "  How  to  Make  a  Tele- 
scope for  2s.  6d.  ? "  was  lately  given  to  boys  by  Prof. 
Norman  Lockyer. 

original  research,  no  refinement  can  be 
too  delicate,  no  mechanism  too  good, 
but  the  path  of  the  student  should  be 
upward  towards  these  things,  through  a 
course  of  study  with  self-made  apparatus. 
Moreover,  such  construction  teaches 
the  learner  the  use  and  nature  of  ma- 
terials. You  may,  perhaps,  remember 
the  construction  of  a  reflecting  galvan- 
ometer if  it  has  been  taught  to  you — 
perhaps  you  may  forget  it;  but  if  you 
have  once  wound  a  coil  with  3,000  turns 
wrong,  and  had  to  unwind  it,  we  may 
certainty  count  on  your  not  doing  so  a 
second  time.  If  you  have  cemented  a 
liquid  prism  with  marine  glue,  and  filled 
it  with  bisulphide  of  carbon,  you  will  not 
probably  repeat  the  error. 
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The  neat  use  of  blowpipe,  the  handling 
of  heated  glass,  the  use  of  paraffin  wax 
for  the  countless  purposes  to  which  it  is 
applied  in  the  laboratory,  are  of  them- 
selves an  education  of  the  highest  value, 
not  only  to  those  who  are  to  be  engaged 
in  original  research,  but  also  to  those 
who  are  to  become  foremen  or  artisans. 
But  it  might  be,  perhaps,  objected  that 
the  method  consumes  too  much  time. 
This,  of  course,  would  greatly  depend 
on  the  teacher.  It  is  not  proposed  that 
a  student  should  make  every  conceivable 
piece  of  apparatus.  For  instance,  it 
would  be  absurd  to  expect  him  to  try  and 
rule  a  diffraction  grating.  And,  again, 
his  instruction  will  be  supplemented  by 
daily  lectures,  at  which  more  elaborate 
experiments  will  be  performed  by  the 
professors.  It  is,  however,  always  found 
that  all  knowledge  takes  time  to  pene- 
trate, and  as  it  were  to  suffuse  the  brain, 
and  while  the  fingers  are  working  the 
mind  ought  to  be  thinking. 

I^t  may  further  be  asked  whether  such 
a  system  as  is  here  advocated  has  ever 
been  tried,  and  with  what  results.  The 
answer  to  this  is  that  such  a  system  has 
been,  and  is  being,  practically  worked  in 
a  few  places,  and  it  is  much  to  be  wished 
that  it  were  greatly  extended. 

The  merit  of  practically  applying,  if 
not  of  inventing  this  mode  of  instruc- 
tion, is  probably  due  to  Professor 
Guthrie,  of  the  Science  Schools,  South 
Kensington,  and  every  year  in  the  sum- 
mer teachers  are  taught  in  this  manner 
how  to  teach.  At  the  end  of  the  course 
an  industrious  student  will  go  away 
armed  with  a  whole,  cabinet  of  scientific 
apparatus  (for  the  apparatus  becomes 
the  property  of  the  pupils  who  make 
them),  and  with  this  he  would  be  able 
easily  to  teach  a  school.  In  technical 
schools,  wherever  practicable,  it  should 
be  made  a  condition  of  appointment  that 
at  least  the  assistant  demonstrators  and 
lecturers  should  be  able  to  use  their  tools 
well. 

Too  much  pains  cannot  be  taken  to 
•  inculcate  this  system.  Let  prizes,  if 
needful,  be  given  for  the  simplest  and 
cheapest  apparatus  which  shall  secure  a 
result  of  a  certain  specified  degree  of  ac- 
curacy, and  encouragement  of  this  kind 
will  speedily  provide  a  scientific  set  of 
apparatus  in  every  village  school. 

Therefore  I  urge  that  it  is  time  that  if 


technical  education  is  to  be  widely 
spread,  it  should  take  the  form  of  a 
system,  that  rigorous  economy  should  be 
practiced,  and  while  no  salary  is  grudged 
to  a  competent  professor,  he  should  be 
required  to  work  with  cheap  materials. 
The  problem  is  not  so  much  how  to  do 
it,  as  how  to  do  it  cheaply. 

When,  however,  we  reflect  on  the 
splendid  ability  that  is  in  this  country 
being  devoted  to  technical  education, 
when  we  read  the  names  of  the  profes- 
sors at  the  great  educational  establish- 
ments scattered  over  England,  we  must 
certainly  feel  that  we  have  ample  guar- 
antee for  the  solution  of  the  problem. 

Moreover,  these  establishments  are  on 
the  increase.  Not  to  speak  of  the  Fins- 
bury  Institute,  there  are  several  smaller 
ones  which  are  well  worthy  attention. 
The  Horological  Institute  in  Northamp- 
ton-Square, aided  by  a  small  grant  from 
the  City  Guilds,  is  doing  admirable  ser- 
vice ;  and  the  munificence  of  a  pri- 
vate gentleman,  Mr.  Quintin  Hogg,  has 
provided  an  institution  which  now  num- 
bers 3,000  youths  as  members,  2,000  of 
whom  attend  evening  classes,  which  are 
also  attended  by  4,000  more  youths  who 
are  not  members  of  the  institute.  By 
this  institution,  which  occupies  the  site 
of  the  old  Polytechnic,  7,000  young  men 
are  benefited  and  provided  with  physical 
and  mental  training  and  recreation,  and 
assisted  in  keeping  out  of  mischief.  I  be- 
lieve that  the  original  outlay  did  not  exceed 
£30,000,  and  that  the  yearly  total  cost  of 
maintenance  is  about  £7,000,  of  which  a 
large  part  is  covered  by  the  fees  and  sub- 
scriptions. 

To  attempt,  at  public  expense,  to  do 
what  can  only  be  done  in  the  workshop, 
is  a  mistake ;  it  will  fail  in  its  results, 
and  it  is  unjust  to  expect  the  nation  to 
pay  for  it,  but  it  has  been  endeavored  to 
show,  first,  that  in  attempting  to  improve 
technical  education,  some  attempt  should 
be  made  to  deal  with  the  apprenticeship 
question ;  and,  secondly,  that  at  an  al- 
most nominal  expense,  and  by  the  appli- 
cation of  a  proved  method  already  in  use, 
practical  technical  science  may  become  a 
part  of  the  education  of  our  town  and 
and  rural  population. 

It  need  only  be  added  that  it  is  highly 
desirable  to  make  the  boys  and  their  pa- 
rents pay,  as  far  as  possible,  for  the  bene- 
fits they  receive,  and   no  money  is  such 
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an  excellent  investment  of  capital  as  that 
which  is  wisely  laid  out  in  education. 

DISCUSSION. 

Dr.  Gladstone,  F.  R.  S.,  agreed  with 
the  reader  of  the  paper  that  this  ques- 
tion was  one  of  primary  importance. 
Whether  the  system  of  apprenticeship 
still  continued  or  not,  there  was  no  doubt 
that  it  was  less  common  than  it  was  for- 
merly, and  that  in  some  trades  it  was  dy- 
ing out.  In  any  event,  technical  classes 
were  required,  for  though  he  held  that 
no  trade  could  be  learned  except  in  the 
workshop,  still  those  would  make  the 
best  of  the  instruction  given  them  in  the 
workshop  who  had  had  a  certain  amount 
of  theoretical  foundation  laid  before- 
hand. These  classes  might  be  formed  in 
various  ways,  and  an  excellent  example 
had  been  referred  to  in  the  case  of  the 
Polytechnic  Institution,  where  so  many 
students  were  being  well  taught  various 
matters  which  would  be  of  great  service 
to  them  in  connection  with  their  handi- 
crafts. He  did  not  think  it  was  desirable 
to  teach  trades  in  the  elementary  schools ; 
what  should  be  taught  there  should  be 
what  would  be  useful  to  all  the  scholars, 
not  to  a  portion  of  them  only.  People 
were  gradually  working  up  to  this  idea, 
but  still  vaguely.  Many  wanted  some- 
thing definite,  in  the  shape  of  carpentry 
or  iron-working,  and  seemed  to  think 
this  was  the  true  kind  of  technical  edu- 
cation ;  but  it  should  rather  be  their  aim 
to  give  such  a  notion  of  the  value  of  ma- 
terials and  the  use  of  tools  as  could  after- 
wards be  turned  to  use  in  any  required 
direction.  There  were  two  great  diffi- 
culties in  the  way  of  doing  this  in  ele- 
mentary schools.  The  first,  and  great- 
est was  the  inveterate  notion  that  educa- 
tion consisted  of  book-learning.  No 
doubt,  centuries  ago,  when  education  was 
the  privilege  of  the  few,  and  schools 
were  intended  mainly  for  those  who  were 
to  enter  the  professions,  the  chief  part 
of  education  was  of  a  literary  character  ; 
but  now  that  education  was  become  the 
right  of  the  masses  of  the  people,  the 
problem  was  entirely  altered.  Children 
should  be  taught  that  which  would  be 
most  useful  to  them  in  after  life ;  they 
should  not  be  trained  for  professional 
men,  or  even  for  clerks.  No  doubt  they 
should  have  that  simple  kind  of  literary 
education  which   would   make    them  all 


clerks,  because  mere  clerkship  ought  to 
be  the  lowest  kind  of  work ;  but,  beyond 
that,  they  should  be  encouraged  to  de- 
velop some  kind  of  skill.  It  was  very 
difficult  to  get  over  this  kind  of  prejudice 
in  favor  of  a  literary  education,  and, 
while  it  lasted,  the  knowledge  of  science 
and  the  arts  would  not  take  their  right 
position.  Another  difficulty  was  the  ig- 
norance of  teachers  in  this  respect.  If 
an  endeavor  were  made  to  introduce 
some  knowledge  of  science  into  schools, 
they  generally  found  that  the  teachers 
had  some  kind  of  theoretical  knowledge, 
but  it  had  been  obtained  mainly  from 
books  ;  and  what  was  chiefly  wanted  was 
that  things  should  be  taught  as  well  as 
words,  and  before  words.  He  did  not 
say  things  only.  They  wanted  res  et  ver- 
ba, but  the  res  must  come  before  the  ver- 
ba. Pupil  teachers  had  to  give  object- 
lessons,  but  they  were  not  taught  or  ex- 
amined in  this  subject.  This  was  one  of 
the  greatest  wants  in  connection  with 
the  system  of  education.  Some  of  these 
difficulties,  however,  could  be,  and  he 
hoped  were  being,  overcome.  The  idea 
that  education  must  consist  in  the  teach- 
ing of  literature  was  giving  way,  and 
subjects  of  fictitious  importance,  such  as 
spelling  and  good  pronunciation,  would, 
he  hoped,  soon  be  considered  less  mate- 
rial, whilst  a  knowledge  of  the  world  in 
which  we  lived,  the  forces  with  which  we 
had  to  deal,  and  the  materials  which 
must  occupy  the  attention  of  the  great 
mass  of  the  community,  would  attract 
more  attention  in  future.  Some  of  these 
difficulties  might  be  got  over  by  the  peri- 
patetic system  of  teaching  science  which 
was  employed  in  Liverpool  and  Birming- 
ham with  great  success,  and  he  was  glad 
to  say  the  London  School  Board  was 
about  to  introduce  it  experimentally.  In 
one  way  or  another  he  trusted  the  desired 
end  would  be  reached,  and  that  the  long- 
suffering  ratepayer  would  have  more  for 
his  money  than  he  had  hitherto,  and  that 
the  next  generation  would  grow  up  more 
capable  of  doing  the  work  of  the  world. 

Mr.  B.  Lucraf t  regretted  that  he  could 
not  agree  with  Mr.  Cunynghame  in  his 
view  of  the  present  state  of  the  appren- 
ticeship system.  His  opinion  was  that 
there  was  scarcely  a  good  firm  in  London 
who  would  take  apprentices.  An  em- 
ployer wanted  to  get  his  work  done  as 
quickly  as   possible,  and   would  not   be 
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bothered  with  apprentices.  He  should 
like  to  see,  in  place  of  the  apprenticeship 
system,  and  with  a  view  of  preventing 
all  the  clever  boys  in  London  turning 
their  attention  to  clerkships,  scholarships 
given  in  technical  schools  with  a  work- 
shop attached.  At  present  most  of  the 
clever  boys  went  into  the  Post-office,  or  a 
place  of  that  kind,  for  he  found  that 
nine-tenths  of  those  who  won  prizes, 
when  asked  as  to  their  future  career,  ex- 
pressed such  an  intention.  Some  of  the 
scholarships  now  given  to  clever  boys 
were,  he  was  sure,  an  injury,  rather  than 
a  benefit  to  them.  If  institutions  were 
established  where  the  whole  theory  and 
science  applicable  to  certain  trades  were 
taught,  combined  with  workshop  instruc- 
tion, a  class  of  artisans  would  be  raised 
up  superior  to  any  which  could  be  ob- 
tained in  any  other  way.  The  appren- 
ticeship system  in  London  was  almost 
done  with.  He  had  worked  in  workshops, 
and  most  of  his  acquaintance  did  the 
same,  and  they  had  the  greatest  difficulty 
in  getting  their  sons  apprenticed  in  any 
way.  Some  employers  would  take  a  boy 
and  give  him  so  much  a  week,  so  long  as 
he  behaved  himself,  but  they  would  not 
take  apprentices.  Boys  trained  in  such 
an  institution  as  he  had  referred  to — 
learning  both  theory  and  practice — would 
become  overseers  and  foremen,  and  ulti- 
mately masters.  He  gave  evidence  on 
this  subject  before  the  Royal  Commis- 
sion, and  suggested  that  some  of  the 
City  endowments  which  were  left  to  en- 
courage trade  might  be  devoted  to  such 
purposes  which  would  be  quite  in  accord- 
ance with  the  views  of  the  original  do- 
nors, though  carried  out  in  a  way  more 
suited  to  the  present  time. 

Mr.  G.  N.  Hooper  said  this  question 
was  now  moving  a  little,  though  not  fast 
enough  in  the  opinion  of  many  who  were 
interested  in  it.  In  the  first  place,  the 
Council  of  the  London  Chamber  of  Com- 
merce passed  a  resolution,  about  a  fort- 
night ago,  to  support  and  make  known 
the  benefits  which  would  result  to  trade 
and  commerce  by  a  further  development 
of  the  system  of  trade  education ;  and, 
secondly,  on  Friday  next,  a  meeting 
would  be  held  by  the  Artisan's  Techni- 
cal Institute,  at  which  Mr.  Woodall 
would  preside,  when  both  employers  and 
workmen  would  be  present  to  consider 
this  question.     This   was  a  step  in  the 


right  direction.  The  subject  had  been 
treated  by  scientific  teachers,  and  by  the 
City  Guild,  many  members  of  which 
were  not  practically  connected  with 
trade,  and  it  had  not  been  so  favorably 
received  by  manufacturers  as  if  they 
themselves  and  their  workmen  and  fore- 
men had  been  more  consulted.  As  chair- 
man of  a  technical  class,  he  had  seen  ex- 
cellent work  done  at  an  expense  of  less 
than  £100  a  year,  the  class  averaging  40 
to  50,  and  some  who  had  "passed  through 
the  course  had  done  remarkably  well,  and 
would  exert  an  influence  on  their  trade 
which  could  not  fail  to  be  beneficial. 
Some  people  thought  that  technical  edu- 
cation must  be  extremely  expensive,  but 
that  was  an  error.  There  were  a  large 
number  of  school-rooms  which  were  to- 
tally unused  after  dark,  and  they  might 
be  made  available  for  this  purpose,  at  a 
small  expense  for  cleaning  and  lighting. 
As  one  of  the  jurors  at  the  Paris  Exhibi- 
tion of  1867,  he  found  the  French  were 
making  considerable  advances,  and  he 
followed  up  the  matter  by  visiting  the 
schools,  becoming  acquainted  with  the 
teacher  and  the  students.  On  the  first  op- 
portunity he  had  sent  a  suitable  man  over 
to  Paris  to  be  trained,  and  having  had  pre- 
vious instruction  in  science,  drawing,  and 
manual  labor  he  was  able  to  take  full  ad- 
vantage of  the  opportunities  offered  him, 
and  since  his  return  had  been  very  use- 
ful as  a  technical  teacher.  A  second  one 
had  since  been  sent,  and  thus  the  method 
of  teaching  usual  in  France  had  been 
transferred.  A  few  days  ago,  in  the 
Chamber  of  Commerce  Journal,  there 
was  a  quotation  from  the  Bourse  Lyon- 
nais,  showing  that  the  French  were  dis- 
satisfied with  the  progress  they  were 
making  compared  with  other  nations,  and 
stating  that  in  Germany  upwards  of 
100,000  workmen  were  passing  through 
the  technical  classes.  But  these  facts 
did  not  come  out  very  often.  During 
the  Paris  Exhibition  he  attended  a  meet- 
ing of  a  group  of  syndical  chambers, 
and  took  notes  of  the  discussion,  but  the 
president  afterwards  requested  him  to 
give  these  notes  to  him,  saying  it  was 
not  permissible  to  take  away  any  record 
of  the  proceedings.  That,  perhaps, 
might  account  for  the  fact  that  they  did 
not  hear  much  of  what  was  going  on  in 
foreign  countries  ;  but  the  manufacturers 
in  this  country  were   beginning  to  feel 
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the  pinch.  The  most  efficient  teachers 
were  found  to  be  properly  trained  arti- 
sans who  had  studied  the  sciences  appli- 
cable to  the  occupation  they  followed. 
Difficulties  were  often  met  with  in  prac- 
tice which  no  mere  professor  could  get 
over. 

Prof.  Guthrie,  E.  R.  S.,  said  he  only 
claimed  a  part  of  the  merit  which  had 
been  attributed  to  the  work  which  had 
been  going  on  for  ten  years  in  the  Sci- 
ence Schools  at  South  Kensington, 
though  he  was  responsible  for  it, 
for  he  had  been  most  ably  supported 
throughout  by  the  demonstrators,  whose 
assistance  it  had  been  his  good  fortune 
to  secure.  When  he  first  entered  on  the 
work,  he  found  that  the  teaching  of 
physics  in  this  country  was  almost  pure 
ly  theoretical ;  and,  having  been  trained 
as  a  chemist,  he  reflected  what  sort  of  a 
chemist  that  man  would  be  whose  train- 
ing had  been  derived  entirely  from  the 
lecture  theatre  and  from  books  ;  and  the 
question  occurred  to  him,  could  not  ele- 
mentary physics  be  taught  practically. 
Then  it  came  to  a  question  of  expense, 
because  he  had  to  teach  teachers.  So  it 
became  necessary  to  devise  a  system,  a 
sketch  of  which  had  been  given  in  the 
paper,  of  getting  typical  apparatus  for 
showing  the  elementary  principles ;  it  had 
to  meet  the  wants  of  the  teacher,  and  it 
must  be  absolutely  and  scientifically  cor- 
rect in  principle.  Mr.  Cunynghame  had 
spoken  rather  too  slightingly,  he  thought, 
of  some  of  the  instruments,  saying  they 
did  not  reach  the  accuracy  attained  by 
an  ordinary  instrument  maker ;  but  he 
should  say  that  such  apparatus  as  was 
shown  was  far  more  scientifically  and  ab- 
solutely accurate  than  that  which  would 
be  produced  by  the  ordinary  optical  in- 
strument maker.  It  was  simple  in  con- 
struction, but  truthful  in  conception,  and 
without  any  adornment.  This  method 
of  bringing  the  hand  and  the  mind  to 
work  together  really  lay  at  the  basis  of 
all  true  technical  instruction  ;  where  the 
mind  alone  was  employed,  the  knowledge 
acquired  passed  away,  but  when  the 
mind  and  the  hand  had  been  educated 
together,  the  knowledge  was  never  for- 
gotten. For  the  last  ten  years  his  life 
had  been  devoted  to  the  development  of 
this  particular  branch  of  knowledge,  and 
he  could  not  understand  its  being  so 
little  known  and  appreciated. 


Mr.  E.  0.  Robins  said  the  impression 
left  on  his  mind  by  visiting  the  techni- 
cal schools  in  Germany  was  that  the  dif- 
ference in  the  education  of  the  two  coun- 
tries lay  rather  in  the  sections  of  society 
above  the  artisan  class,  and  that  the  mid- 
dle classes  in  England  were  most  back- 
ward with  regard  to  scientific  education 
as  compared  with  the  Germans.  All  our 
schools  were  practically  literary ,  they 
were  not  divided  into  polytechnic  and 
real  schule,  and  even  science  was  taught 
more  from  the  literary  side,  and  less 
awards  were  given  for  it.  He  was  aston- 
ished to  find  that  so  many  of  the  work- 
ing classes  were  profiting  by  the  advan- 
tages offered  them  as  Mr.  Hooper  had 
stated,  but  if  it  were  true  that  informa- 
tion was  not  readily  obtainable,  that 
might  account  for  the  general  ignorance 
on  this  subject.  If  foreigners  were  mak- 
ing such  progress,  it  was  all  the  more  im- 
portant that  England  should  wake  up  to 
the  importance  of  the  matter ;  and,  as 
an  architect,  he  might  say  he  found  very 
few  men  who  had  passed  through  such  a 
training  as  enabled  them,  properly,  to 
execute  the  work  they  were  called  upon 
to  undertake.  He  knew  one  large  firm 
in  the  West-end  where  there  was  not  a 
single  apprentice  taken.  Another  large 
firm,  a  little  way  out  of  town,  employed 
chiefly  apprentices,  and  some  years  ago, 
when  a  strike  took  place  in  the  building 
trade,  they  were  able  to  carry  on  their 
works  without  any  trouble  in  conse- 
quence. There  was  a  great  difficulty  in 
this  country  in  getting  proper  instruction 
for  youths  entering  the  building  trades  ; 
it  was  a  favor  to  got  them  into  a  shop 
at  all.  He  thought  the  trades'  unions,  if 
they  were  worth  anything,  ought  to  see  to 
this  ;  but,  on  the  contrary,  he  understood 
they  rather  set  their  faces  against  ap- 
prentices, and  seemed  only  to  think  of 
getting  as  much  money  as  they  could  out 
of  the  master,  and  of  giving  as  little  as 
they  could  for  it.  He  had  heard  that 
stated,  broadly,  by  a  representative  of  a 
trades'  union  at  a  public  meeting,  much 
to  the  astonishment  of  everybody  pres- 
ent. There  was  a  great  fright  with  re- 
gard to  technical  education,  on  account 
of  the  expense  involved  in  teaching  ap- 
paratus, and  he  hoped  this  paper  would 
do  some  good  in  helping  to  remove  that 
impression.  To  that  end  he  would  sug- 
gest that  the  simple  apparatus  exhibited 


TECHNICAL   EDUCATION. 


143 


should  be  photographed,  so  that  the  idea 
that  nothing  could  be  done  without  ex- 
pensive appliances  might  be  exploded. 

Mr.  William  Trant  (Secretary,  Arti- 
sans' Technical  Association)  said  the 
reader  of  the  paper  seemed  to  make  a 
great  point  that  a  certain  piece  of  appara- 
tus which  took  fifteen  hours  to  make 
only  cost  4s.  6d.  He  did  not  know 
whether  he  meant  to  convey  that  techni- 
cal education  would  enable  people  to 
work  for  less  than  4d.  an  hour,  but  if  so, 
that  would  not  meet  the  views  of  arti- 
sans. All  were  agreed  that  technical 
education  was  a  good  thing,  and  almost 
all  were  agreed  as  to  the  mode  by  which 
it  might  be  carried  out ;  but  with  regard 
to  the  question  of  apprenticeship,  there 
was  much  more  room  for  discussion.  Mr. 
Kobins  seemed  to  think  trades'  unions 
were  very  much  at  fault  in  this  matter ;  but 
he  would  remind  the  meeting  that  they 
were  not  altogether  to  blame.  They  had 
found  hitherto  that  they  had  to  teach  the 
apprentices  for  the  benefit  of  the  employ- 
ers alone ;  and  not  only  that,  but  that 
they  enabled  the  youths  to  enter  into 
competition  with  themselves,  and  thus 
the  feeling  naturally  arose  that  they  were 
cutting  their  own  throats.  The  rapid 
improvements  in  machinery  and  other 
things  had  really  revolutionized  the  sys- 
tem. Apprenticeship  as  it  formerly  ex- 
isted could  no  longer  be  maintained,  and 
they  had  now  to  consider  how  youths 
were  to  be  trained  in  their  respective 
trades.  The  question  was  whether  some 
responsibility  did  not  rest  on  the  em- 
ployer, and  also  on  the  Legislature,  to 
see  that  lads  who  were  apprenticed  should 
be  turned  out  skillful  workmen.  The 
committee  which  was  to  meet  on  Friday, 
to  which  Mr.  Hooper  had  referred,  would 
have  to  specially  consider  this  question. 
Allusion  had  been  made  to  lads  who  ran 
away  from  their  work,  and  ought  to  be 
compelled  to  go  back.  It  seemed  to  him 
that  was  just  the  way  to  make  bad  work- 
men, for  unless  they  had  a  dislike  to  the 
trade  they  would  not  leave  it.  He  agreed 
with  what  had  been  said,  that  the  best 
persons  to  teach  were  those  who  under- 
stood the  trade  itself,  and  who  in  addi- 
tion had  received  a  scientific  training. 
Such  men  were  always  looked  up  to  and 
respected  by  the  students,  and  produced 
the  best  results.     As  much   as  possible 


should  be  taught  at  school,  and  he  want- 
ed to  see  how  technical  education  could 
be  given  before  it  was  known  what  trade 
a  boy  was  going  to  adopt. 

The  Chairman  said  the  account  just 
given  of  industrial  schools  was  certainly 
not  universally  applicable.  He  had  been 
particularly  interested  in  seeing  the 
Artane  Industrial  School  in  Dublin,  where 
several  trades  were  excellently  taught, 
and  he  believed,  and  should  be  glad  to 
hear,  that  the  same  thing  was  done  in 
England.  The  endeavor  of  Mr.  Cunyng- 
haine  to  show  how  apprenticeship  might 
best  be  combined  with  technical  instruc- 
tion was  of  great  value,  whether  they 
agreed  with  his  conclusions  or  not.  He 
believed  him  to  be  right  in  saying  that 
the  technical  school  could  not  take  the 
place  of  the  workshop,  for  experiments 
made  in  this  direction  in  various  countries 
had  not  proved  very  successful.  There 
was  the  school,  which  was  very  much 
praised,  of  the  Boulevard  de  la  Villete, 
in  Paris,  which  was  visited  by  the  Com- 
mission of  which  he  was  chairman ;  the 
expense  was  enormous,  and  the  results 
were  certainly  not  satisfactory  to  their 
mind.  Notwithstanding  that,  similar 
schools  were  being  established  in  Paris, 
and  he  could  only  say  he  was  glad  the 
experiment  was  being  made  on  the  other 
side  of  the  channel.  He  did  not  be- 
lieve that  artisans  and  manufacturers  dis- 
trusted theory  to  the  same  extent  as  for- 
merly, but,  on  the  contrary,  it  was  more 
understood  that  theory  and  practice 
must  go  hand  in  hand.  At  the  same 
time,  if  it  was  necessary  to  choose  be- 
tween theory  and  practice  during  the 
time  which  a  boy  had  to  spend  in  learn- 
ing his  trade,  practice  should  have  the 
preference.  There  the  Germans  seemed 
to  make  a  mistake  ;  they  kept  the  young 
men,  especially  of  the  higher  grades,  at 
the  Polytechnic  School  to  the  age  of  22 
or  23,  and  when  they  entered  the  work- 
shop to  begin  their  practical  training 
they  were,  especially  from  the  excessive 
attention  paid  to  the  higher  mathe- 
matics, unfitted  for  it.  He  was  glad  to 
hear  that  Sir  F.  Sandford  approved  of 
the  introduction  of  drawing  as  a  class 
subject  into  the  new  Code  ;  in  his  opin- 
ion it  was  more  important  that  a  boy 
who  was  to  be  an  artisan  should  learn  to 
draw  than  that  he  should  learn  to  write. 
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Drawing  not  only  trained  a  man  to  rep- 
resent correctly  what  he  had  seen,  but  it 
forced  him  in  the  first  instance  to  ob- 
serve correctly,  and  no  quality  could  be 
more  valuable  to  an  artisan  than  that  of 
accurate  observation.  They  would  all 
be  glad  to  hear  from  Mr.  Trant  that  em- 
ployers and  employed  were  about  to  dis- 
cuss the  question  of  apprenticehip,  but 
he  did  not  think  it  was  a  matter  in  which 
the  Legislature  could  interfere.  It 
seemed  to  him  a  short-sighted  policy  on 
the  part  of  artisans  to  discourage  ap- 
prenticeship ;  if  they  felt  an  interest  in 
the  pursuit  in  which  they  were  engaged, 
they  could  not  evince  that  interest  better 
than  by  training  up  good  men  to  follow 
after  them.  Besides,  many  of  them  were 
fathers  of  families,  and  it  seemed  to  him 
that,  by  an  interchange  of  services  in 
this  way,  the  whole  of  their  class  must 
be  benefited.  He  felt  bound  to  say  a 
word  in  praise  of  the  good  work  in 
which  Mr.  Quintin  Hogg  was  engaged ; 
he  believed  the  amount  he  had  expended 
was  nearer  £80,000  than  £30,000,  but  at 
any  rate,  the  work  was  a  most  excellent 
one,  and  he  had  devoted  his  whole  life 
thoroughly  to  it.  He  was  also  glad  to 
hear  what  was  proposed  with  regard  to 
Christ's  Hospital,  and  a  better  model 
than  the  Allan  Glen's  School  could  not 
be  found.  It  was  carefully  examined  by 
the  Commission,  and  he  was  prepared  to 
say  that  no  more  practical  system  of 
technical  education  for  boys  of  the  age 
received  there  was  to  be  found  in  Eu- 
rope. 

He  was  extremely  glad  to  hear 
that  the  Horological  Institute  was  so 
successful ;  a  school  of  a  similar  kind  at 
Besancon  was  not  by  any  means  a  suc- 
cess, nor  was  a  similar  school  lately 
started  in  Paris,  there  being  only  twelve 
or  eighteen  students  in  the  latter.  No 
material  impression  could  be  made  on 
the  trade  at  large  by  a  school  of  this 
kind,  which  was  only  adapted  to  those 
who  could  expend  a  considerable  amount 
on  the  training  of  their  children.  What 
could  be  done  was  to  encourage  appren- 
tices to  combine  with  their  practical 
training  theoretical  instruction,  and  of 
that  he  did  not  know  a  better  example 
than  the  school  which  Mr.  William 
Mather,  of  Salford,  had  established  in 
connection  with  his  own  works.  By  the 
introduction  of  such  schools  into  work- 


shops, by  the  combination  of  several 
masters  whose  workshops  were  not 
sufficiently  large  to  enable  them  to  do 
the  work  alone,  or  by  encouraging  the 
youths  to  attend  technical  schools,  like 
that  at  Manchester  and  Oldham,  which 
had  been  supported  liberally  by  Messrs. 
Piatt,  the  great  work  of  technical  educa- 
tion would  best  be  forwarded.  He  con- 
cluded by  proposing  a  hearty  vote  of 
thanks  to  Mr.  Cunynghame. 

Mr.  Cunynghame,  in  reply  to  Mr. 
Trant,  said  he  had  not  included  any- 
thing for  time,  but  only  for  materials,  in 
the  figures  he  had  given  of  the  cost  of 
apparatus.  The  value  of  the  time  would 
be  difficult  to  estimate,  as  the  students' 
time  would  be  worth  nothing,  while  the 
professor's  would  be  worth  a  great  deal. 
In  some  trades  he  believed  it  was  true, 
as  Mr.  Luc^aft  said,  that  the  apprentice- 
ship system  was  practically  dead  ;  in  the 
building  trade  it  was  very  rare  indeed, 
but  in  the  bookbinding  trade  all  the  best 
shops  in  London  were  society  shops, 
where  no  man  was  allowed  to  work  un- 
less he  could  show  seven  years'  indent- 
ures properly  discharged,  and  with  the 
mark  of  the  Bookbinders'  Society  upon 
them. 

He  hoped  that  some  of  the  so- 
cieties which  were  inquiring  into  this 
subject  would  endeavor  to  obtain  statis- 
tics, without  which  their  knowledge 
could  not  be  exact.  He  had  tried  to 
get  them  from  Mr.  Quintin  Hogg's 
schools,  having  asked  numbers  of  the 
boys  if  they  were  apprenticed,  whether 
they  paid  any  premium,  and  so  on,  and 
in  the  majority  of  cases  he  found  they 
were  apprenticed.  A  single  person, 
however,  could  not  obtain  full  informa- 
tion on  this  point ;  it  must  be  the  result 
of  organized  inquiries.  If  they  were  to 
replace  the  apprentice  system  by  indus- 
trial schools,  as  Mr.  Lucraft  proposed, 
was  it  only  to  be  for  the  benefit  of  clever 
boys  ?  If  so,  what  was  to  be  done  with 
those  who  were  not  so  clever  ?  And  if 
it  were  to  extend  to  all  boys  clever  or 
not,  the  expense  would  be  so  enormous 
that  it  would  be  impossible  to  carry  the 
scheme  out  on  a  large  scale.  They  must 
do  something  cheap,  as  well  as  they 
could,  and  it  had  been  his  endeavor  to 
show  that  a  great  deal  could  be  done 
very  effectually,  and  at  a  small  cost. 


THE   PROTECTIVE  POWER   OF   ARMOR   PLA.TES. 


145 


THE  PROTECTIVE  POWER  OP  ARMOR  PLATES  AS  PROVED 

IN  ACTUAL  WARFARE. 

From  "  The  Engineer." 


In  view  of  the  protest  so  ably  put  for- 
ward by  Sir  E.  J.  Keecl  and  other  well- 
known  naval  authorities,  against  the  sys- 
tem adopted  by  the  Admiralty  of  leaving 
a  large  portion  of  the  hulls  of  our  mod- 
ern ironclads  wholly  unprotected  by  ar- 
mor, a  brief  summary  of  the  resistance 
to  shot  afforded  by  armor  protection  in 
the  ironclad  actions  which  have  been 
fought  up  to  the  present  time  may  be 
of  interest.  We  purpose,  in  this  article, 
to  refer  to  those  engagements  only  in 
which  ironclads  have  been  opposed  to 
armored  and  unarmored  ships  of  war, 
and  shall  reserve  the  subject  of  "  Iron- 
clads versus  Forts  "  for  a  future  occasion, 
omitting  in  both  cases  the  actions 
fought  during  the  war  between  the 
Northern  and  Southern  States  of  Amer- 
ica, as  both  the  armor  and  ordnance  em- 
ployed by  the  contending  parties  was  of 
too  makeshift  a  character  to  be  of  lasting 
importance. 

In  their  resolve  to  denude  the  ends  of 
our  modern  ironclads  of  all  armor  pro- 
tection, the  Admiralty  appear  to  have 
been  governed  by  the  opinion  that  thin 
armor  plating  is  worthless.  Theoreti- 
cally this  assumption  is  correct,  and  the 
various  experiments  at  Portsmouth, 
Shoeburyness,  Gavre,  Kummersdorf,  im- 
ager, Kolpino,  Steinfeld,  Muggiano,  &c, 
apparently  give  this  theory  a  practical 
backing,  which,  however,  is  completely 
overthrown  by  the  experiences  of  actual 
warfare,  as  will  preseDtly  be  shown.  It 
is,  of  course,  desirable  that  the  heavy 
guns,  &c,  of  our  ironclads  should  be  pro- 
vided with  the  thickest  possible  armor 
protection,  provided  that  the  efficiency  of 
the  vessels  as  lighting  machines  is  not 
thereby  impaired.  The  question  natu- 
rally arises  :  t;  Are  the  unarmored  por- 
tions of  our  latest  ironclads  so  con- 
structed that,  if  riddled  by  shell  from 
even  the  worst  gun  at  present  afloat,  no 
detriment  will  ensue  to  the  steering 
qualities  of  the  vessels  ? ''  The  answer 
to  this  question  is  obvious  to  those  who 
are  acquainted  with  H.  M.  >S.  Colossus  and 
her  sisters. 


The  Battle  of  Lissa,  fought  in  July, 
1866,  by  the  Austrian  and  Italian  fleets, 
under  the  respective  commands  of  Rear- 
Admiral  Tegetthoff  and  Admiral  Persano,. 
affords  the  first  instance  of  a  modern 
ironclad  engagement — modern  in  so  far 
as  both  parties  were  in  possession  of 
bona-fide  ironclads  and  of  rifled  ordnance. 
The  Austrian  ironclads  engaged  at  Lissa 
were  all  armored  along  the  entire  extent 
of  their  water  lines,  the  plating  ranging 
from  2J  in.  to  5  in.  in  thickness.  The 
aggregate  armament  of  the  seven  armor- 
plated  ships  consisted  of  173  guns,  74 
of  which  were  6-in.  rifled,  cast-iron,  Wah- 
rendorf  breech-loading  guns,  and  the  re- 
mainder 48-pounder  smooth  bores.  The 
Italian  ironclad  fleet  numbered  twelve 
vessels,  four  of  which  were  but  imper- 
fectly protected  at  the  ends,  viz.,  the  Re 
di  Portugallo,  Re  d'ltalia,  Varese,  and 
Palestro.  The  total  number  of  guns  was 
248,  all  rifled,  ranging  in  caliber  from  the 
6.J-in.  Cavalli  breech-loader  to  the  9-in. 
Armstrong  muzzle-loader.  It  is  unnec- 
essary to  dwell  further  on  the  events  of 
this  battle  than  to  refer  to  the  damage 
by  shot  sustained  by  the  respective  fleets. 
The  official  Austrian  report  says :  "  The 
resistance  of  the  ironclads  was  not  gen- 
erally put  to  a  very  severe  test.  With 
the  exception  of  the  Habsburg  and  Don 
Juan,  none  of  the  armor-clads  exhibited 
shot  marks  with  impressions  nearly  ap- 
proaching those  produced  on  trial  by  48- 
pounder  cast  iron  shot  with  a  charge  of 
14  lbs.  of  powder  at  a  range  of  one 
cable.  The  greater  portion  of  the  pro- 
jectiles struck  obliquely,  and  a  single 
coating  of  paint  generally  sufficed  to 
render  the  shot  marks  invisible.  Sev- 
eral shots  struck  the  Habsburg  below  the 
armor  belt,  bulging  and  cracking,  but 
not  perforating  the  wooden  hull.  The 
Don  Juan  exhibits  the  most  important 
shot  marks,  three  in  number,  produced 
by  300-lb.  shot,  two  of  which,  with  a  pene- 
tration of  about  4  in.,  are  on  a  level  with 
the  ports,  whilst  the  third  is  forward, 
just  below  the  water  line,  having  pene- 
trated to  the  extent  of  nearly  4J  in.     The 
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formation  of  these  marks  shows  that 
they  were  caused  by  9-in.  rifled  shot. 
The  armor  plating  stood  remarkably  well, 
not  a  single  crack  being  visible  on  the 
surface.  .  .  .  The  only  remaining 
shot  mark  of  consequence  is  one  pro- 
duced by  a  7-in  steel  projectile,  which 
perforated  the  thin  armor  of  the  Ferdi- 
nand Max  in  a  slanting  direction,  and  re- 
mained embedded  in  the  backing.''  The 
above  extract  of  the  official  report  refers 
only  to  the  effects  of  the  Italian  fire  on 
the  armored  portions  of  the  Austrian 
ironclads,  and  it  will  be  observed  that 
even  the  300-lb.  Armstrong  shot  failed  to 
perforate  the  4J-in.  armor,  although  this 
projectile  is  supposed  to  be  capable  of 
penetrating  8  in.  of  iron  armor  at  a  range 
•of  500  yards. 

Referring  to  the  Battle  of  Lissa,  the 
Times  of  August  31st,  1866,  observes 
that  the  Austrian  projectiles  had  very 
little  effect  on  the  Italian  armor  plates, 
owing  chiefly  to  the  light  caliber  of  their 
guns.  This  does  not,  however,  agree 
with  the  Austrian  report,  which  says  that 
the  great  loss  in  killed  and  wounded  sus- 
tained by  the  Italian  fleet  was  chiefly  due 
to  the  fact  that  the  Austrian  projectiles 
struck  the  edges  of  the  plates  near  the 
ports,  sending  a  hailstorm  of  fragments 
into  the  interior  of  the  vessels.  No  such 
splintering  occurred  with  the  Austrian 
plates."  It  should  be  observed  that  the 
Italian  naval  authorities  then,  as  now, 
were  in  favor  of  hard  and  brittle  armor 
plates  of  French  manufacture,  whilst  the 
Austrians  followed  the  Sheffield  system 
of  tough  armor.  Early  in  the  battle  the 
Italian  ironclad,  Re  d' Italia,  was  disabled 
in  her  steering  gear — which  was  unpro- 
tected by  armor,  and  in  this  condition 
she  was  rammed  and  sunk  by  the  Aus- 
trian flagship,  the  Ferdinand  Max.  The 
loss  of  the  Palestro  was  due  to  a  similar 
cause  ;  and  the  Austrian  ironclad  Drache 
was,  in  consequence  of  her  superior  ma- 
noeuvring qualities,  able  to  pour  broad- 
side after  broadside  of  shot  and  shell  in- 
to her  unarmored  stern,  until  she  caught 
fire  and  blew  up. 

The  next  engagement  between  iron- 
clads did  not  occur  until  October  11th, 
1873,  when  an  action  was  fought  off  Cart- 
agena, between  the  squadron  of  the  in- 
surgent chief  Contreras  and  the  Spanish 
Government  vessels  under  Admiral  Lobo. 
Contreras'  flagship  was  the  ironclad  Nu- 


mancia,  7,305  tons,  5-in.  armor,  eight  10- 
in.  and  eight  7-in.  Armstrong  guns ; 
whilst  the  chief  vessel  of  Admiral  Lobo's 
squadron  was  the  Yitoria,  7,250  tons, 
5J-in.  armor,  eight  9-in.  and  three  8-in. 
Armstrong  guns.  The  remaining  ves- 
sels which  participated  in  the  engage- 
ment need  not  be  enumerated,  as  their 
performances  have  no  connection  with 
the  subject  under  consideration.  The 
chief  interest  of  the  action  centers  in  a 
short  duel  between  the  Vitoria  and  Nu- 
mancia,  which  ended,  however,  by  mutual 
consent  when  affairs  began  to  assume  a 
serious  aspect.  This  occurred  when,  ac- 
cording to  the  Spanish  report,  "a  shell 
from  the  Yitoria  killed  seven  men  on 
board  the  Numancia,  including  M.  Moya, 
Yice-President  of  the  Junta  of  Cartage- 
na, and  wounded  eighteen  others.  This 
shell  penetrated  the  unarmored  portion 
of  the  vessel  on  the  port  side,  exploded 
on  the  quarterdeck,  knocked  away  the 
wheel  and  the  head  of  the  aft  capstan, 
and  seriously  damaged  the  mainmast  at 
a  height  of  8  ft.  above  the  deck.  One 
portion  of  the  shell  shivered  the  main 
yard,  whilst  another  fragment  entered  the 
battery  through  the  after  hatch,  and  de- 
stroyed an  iron  deck  beam  on  the  port 
side.  In  this  action  the  armored  por- 
tions of  the  Vitoria  and  Numancia  were 
struck  eight  and  fourteen  times  respec- 
tively by  heavy  shot,  but  no  serious  dam- 
age was  done,  as  the  projectiles  failed  to 
pierce  the  plates. 

The  engagement  between  Her  Majesty's 
unarmored  cruisers  Shah  and  Amethyst 
and  the  rebel  Peruvian  ironclad  Huascar, 
on  May  29,  1877,  off  the  Port  of  Pa- 
cocha,  affords  further  proof  of  the  pro- 
tective power  of  thin  armor  plating.  The 
armaments  of  the  respective  vessels 
were  composed  as  follows :  Shah,  two  9- 
in.,  sixteen  7-in.,  and  eight  64-pounder 
muzzle-loading  guns ;  Amethyst,  fourteen 
64-pounder  shell  guns;  Huascar,  two  9-in. 
muzzle-loading,  and  two  40 -pounder  and 
one  12-pounder  breech-loading  Arm- 
strong guns.  The  armor-plating  of  the 
Huascar  varied  in  thickness  from  5|  in. 
at  the  turret  ports  to  2  in.  at  the  bow 
and  stern.  The  following  is  an  extract 
from  the  official  Peruvian  report  of  the 
damage  sustained  by  the  Huascar  during 
the  above  action  :  "  The  hull— A  300-lb. 
projectile  passing  through  the  armor 
plating,  3J  in.  in  thickness,  near  the  side 
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3ight  of  the  second  sleeping  cabin,  star- 
board side  exploded  and  destroyed  the 
bulkhead,  injured  the  tube  of  the  cabin 
pump  &c,  besides  killing  one  and  wound- 
ing three  men.  Another  projectile,  of 
the  same  caliber,  first  striking  the  same 
side  of  the  ship,  and  making  an  indent- 
ure of  3  in.  in  the   armor  platiug.     .     . 

.  Another,  of  150  lbs.,  striking  the 
same  side,  injured  the  armor  plating 
about  1  in.  in  front  of  the  foremast  and 
16  in.  above  the  deck.  Another  shot 
grazed  the  forecastle  without  causing 
damage.  Another,  of  150  lbs.,  pene- 
trated the  armor,  port  side,  to  the  extent 
of  2  in.  .  .  .  Another,  of  300  lbs., 
struck  the  ironwork  of  the  stern,  and, 
passing  to  starboard,  exploded,  doing 
considerable  destruction  and  wounding  a 
sergeant  of  marines.  .  .  .  Turret — 
A  300  lb.  projectile  made  a  3-in.  indent 
3  ft.  from  the  left  embrasure.  .  .  . 
Different  kinds  of  projectiles  and  frag- 
ments of  shells  destroyed  the  irons 
which  served  for  holding  the  sacks,  as 
also  the  wooden  base  on  woich  they  rest- 
ed. .  .  ."  Nearly  a  hundred  projec- 
tiles struck  the  vessel,  principally  about 
the  upper  works,  funnel,  masts,  boats, 
&c,  all  of  which  were  destroyed  or  se- 
riously damaged;  but  the  64  pounder 
shells  were  useless  against  even  the  thin- 
nest portion  of  the  Huascar's  armor. 

The  engagement  in  July,  1877,  be- 
tween the  Russian  auxiliary  cruiser  Vesta 
and  the  Turkish  armored  gun-boat  Feth- 
i-Bulend,  may  be  dismissed  without  fur- 
ther comment,  for  although  the  former 
vessel  was  badly  mauled,  the  latter  re- 
ceived only  one  shot  through  the  funnel 
and  another  through  the  mainstay. 

Much  more  serious,  however,  were  the 
injuries  sustained  by  the  Peruvian  iron- 
clad Huascar  in  her  celebrated  action 
with  the  Chillian  ironclads,  Almirante, 
Cochrane  and  Blanco  Encalada,  off  Punta 
Angamos,  on  October  8th,  1879.  The 
Cochrane  and  Blanco  Encalado  mounted 
6  9  in.  muzzle-loading  Armstrong  guns 
each,  and  were  protected  by  armor  vary- 
ing in  thickness  from  4 \  in.  to  9  in.,  ex- 
clusive of  an  inner  skin  of  \\  in.  As 
these  vessels  were  built  from  the  de- 
signs of  Sir  E.  J.  Reed,  they  were,  of  I 
course,  well  protected  in  all  vital  parts 
by  armor  plating.  The  force  of  the  Peru- 
vian vessel  has  already  been  given.  At 
9.27  a.  m.  the  Cochrane  opened  fire  on  the 


Huascar  at  a  range  of  about  200  yards, 
and  continued  to  engage  at  close  quarters 
for  about  forty  minutes,  when  the  Blanco 
Encalada  came  up  and  joined  in  the  action. 
The  commander  of  the  Cochrane,  Capt. 
Latorre,  aware  of  the  superior  manoeuvr- 
ing qualities  of  his  ship,  as  well  as  of 
the  weak  points  in  the  design  of  his  an- 
tagonist, kept  in  the  wake  of  the  Huas- 
car, directing  his  fire  chiefly  against  her 
un armored  stern  and  other  vulnerable 
portions  of  her  hull.  In  the  course  of 
the  fight  the  hull,  turret,  &cv  of  the  Hu- 
ascar were  struck  twenty  times  by  heavy 
shot,  ten  of  which  perforated  the  armor, 
whilst  five  glanced  off.  The  remainder 
of  the  shots  took  effect  in  the  unpro- 
tected portions  of  the  hull,  principally  in 
the  stern,  destroying  the  steering  gear, 
and  rendering  the  vessel  unmanageable. 
The  5J-in.  turret  armor  was  pierced 
twice,  the  4-in.  armor  once,  the  3-in.  ar- 
mor four  times,  the  2-in.  armor  twice, 
and  the  2-in.  armor  once.  The  projec- 
tiles which  perforated  the  turret  armor 
and  partially  disabled  the  guns  were 
fired  by  the  Cochrane  at  a  range  of  only 
about  twelve  yards.  A  few  moments 
later  the  Blanco  Encalada  came  up,  and, 
passing  within  twenty-five  yards  of  the 
Huascar's  stern,  discharged  a  raking 
broadside  into  her,  which  killed  or 
wounded  many  of  her  crew.  The  only 
damage  sustained  by  the  Cochrane  was 
caused  by  two  shells  which  penetrated 
the  unarmored  portion  of  her  hull  on  the 
starboard  quarter  above  the  water-line 
armor  and  wounded  ten  men,  whilst  the 
Blanco  Encalado  received  no  injury 
whatever.  Notwithstanding  the  terrible 
battering  sustained  by  the  Peruvian  ves- 
sel, her  engines  at  the  close  of  the  en- 
gagement were  in  perfect  working  order, 
thanks  to  the  protection  afforded  them 
by  the  water-line  armor.  This  circum- 
stance alone  is  of  sufficient  importance 
to  justify  the  demand  for  the  utmost  pos- 
sible protection  in  our  new  ironclads. 
Had  the  steering  gear  been  equally  well 
protected,  the  Huascar  might  perhaps 
have  effected  her  escape,  or  have  succeed- 
ed in  ramming  the  Cochrane  during  the 
first  stage  of  the  action,  in  which  case 
her  superior  speed  would  have  enabled 
her  to  outdistance  the  Blanco  Encalada. 
Unfortunately,  however,  her  steering 
gear  was  shot  away  three  times,  so  that 
she  was  unmanageable  during  the  greater 
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part  of  the  action.  Another  fact  worth 
attention  is  that  no  less  than  50  per  cent, 
of  the  projectiles  which  struck  the  armor 
plating  glanced  off,  though  in  some  in- 
stances the  plates  were  only  24  in.  in 
thickness,  whilst  every  shell  which  hit 
the  unarmored  parts  of  the  hull  pene- 
trated into  the  interior  of  the  vessel, 
where  it  exploded.  The  armor  plates  of 
the  Huascar  appear  to  have  been  of  a 
very  good  quality,  for  though  several 
were  pierced  by  the  heavy  Chilian  pro- 
jectiles, not  one  was  "  wrecked,"  as  was 
the  case  with  many  of  the  brittle  French 
plates  on  the  Italian  vessels  at  Lissa. 

In  conclusion,  the  chief  lessons,  as  re- 
gards armor,  taught  by  the  foregoing 
ironclad  engagements  may  be  briefly  sum- 
marized as  follows:  (I)  The  details  of 
construction,  and  consequently  the  weak 
points  of  every  ironclad  are  known  to 
the  enemy.  (2)  The  want  of  strongly- 
armored  transverse  bulkheads  led  to  the 
destruction  of  the  Palestro  at  Lissa,  and 
in  a  great  degree  to  the  surrender  of 
the  Huascar  at  Punta  Angamos.  (3)  Ar- 
mor of  the  thinnest  kind  in  use  affords 
a  considerable  amount  of  protection 
against  oblique  fire,  and,  if  penetrated, 
has  a  tendency  to  localize  the  effect  of 
the  explosion  of  the  shell. 

It  must,  of  course,  be  borne  in  mind 


that  all  the  vessels  referred  to  above  were 
armored  with  either  hammered  or  rolled- 
iron  plates,  the  best  of  which  are  about 
30  per  cent,  inferior  in  resisting  power 
to  the  modern  compound  armor,  as  now 
employed  in  the  British,  German,  Rus- 
sian, and  most  other  navies.  It  may  be 
observed  that  the  maximum  thickness  of 
armor  has,  for  the  present,  at  least,  been 
reached  in  the  case  of  H.  M.  S.  Inflexible, 
viz.,  24  in.,  and  there  is  now  a  tendency 
among  English  and  French  naval  archi- 
tects to  reduce  the  maximum  thickness 
to  about  18  in.,  as  demonstrated  by  the 
latest  designs.  There  is,  however,  a 
great  difference  in  the  manner  in  which 
the  weight  so  saved  has  been  utilized  in 
the  respective  navies,  for  whilst  we  de- 
vote the  same  chiefly  to  various  arrange- 
ments and  fittings  of  secondary  import- 
ance, the  French  have  strengthened  their 
bulkhead  and  water  line  armor. 

At  present  the  ends  of  our  partially- 
protected  armor-clads  are,  in  a  sense,  at 
the  mercy  of  even  the  worst  naval  gun 
afloat,  viz.,  the  British  64-pounder.  Con- 
sidering the  enormous  size  of  these  ves- 
sels, exceeding  in  some  cases  10,000  tons, 
it  is  hardly  an  exorbitant  demand  to  in- 
sist on  the  introduction  of  a  few  hundred 
additional  tons  of  armor  along  the  water 
line,  and  at  other  vital  parts. 


THE  EVOLUTION  OF  MACHINES. 

By  Prof.  H.  S.  HELE  SHAW. 
From  the  "Journal  of  the  Society  of  Arts." 


If  we  look  back  through  the  history  of 
man,  we  find  that  his  progress  in  civiliza- 
tion stands  in  close  relation  to,  and,  in 
fact,  is  measured  by,  his  power  over  the 
material  world  around  him.  When  we 
examine  the  means  by  which  this  power 
is  obtained,  it  becomes  evident  that  it  is 
limited  to  the  physical  operation  of 
changing  the  relative  position  of  the  ma- 
terials at  his  disposal.  At  first,  man 
was  content  to  accomplish  his  purposes 
in  order  to  obtain  food,  or  for  self  de- 
fence, with  such  materials  as  he  found  in 
their  natural  state  ;  but  when  a  certain 
measure  of  progress  had  been  made,  and 
the  struggle  for  a  bare  existence  became 
less  severe,  he  began  to  realize  the  ad- 


vantages of  a  previous  arrangement  be- 
fore the  actual  operation  in  view,  and 
evidenced  the  possession  of  intellectual 
faculties  by  the  design  and  construction 
of  tools  rather  than  by  the  mere  use 
of  them.  It  was  the  power  to  give  ma- 
terials definite  form,  and  to  effect  com- 
binations with  which  .desired  operations 
could  be  performed,  that  enabled  further 
progress  to  be  made,  and  so,  from  step 
to  step,  flint  implements  replacing  those 
of  bone,  bronze  and  the  easily  worked 
metals  those  of  flint,  culminating  at 
length  in  the  employment  of  iron,  the 
most  difficult  to  work,  but  most  valuable 
of  all ;  man  advanced  slowly  at  first,  but- 
after  a  while   at    an    increased  rate,  to- 


THE   EVOLUTION    OF   MACHINES. 


149 


wards  the  present  mighty  achievement  in 
the  industrial  arts,  the  comprehension  of 
only  a  small  portion  of  which  now  de- 
mands the  study  of  a  lifetime. 

For  a  long  period  man,  to  supply  all 
his  wants,  used  only  such  simple  appli- 
ances as  would,  without  hesitation,  be 
called  implements  or  tools.  Gradually, 
however,  attempts  were  made,  with  ever- 
increasing  success,  to  obtaiD  the  desired 
result  with  less  labor  and  more  certainty 
by  the  construction  of  what  might,  even 
in  their  simple  state,  be  truly  called  ma- 
chines. Bearing  in  mind  man's  only 
physical  mode  of  producing  any  change 
in  the  world  around  him,  it  is  not  hard 
to  understand  why  the  great  extension  of 
power  and  capability  of  making  further 
progress  may  be  traced  to  the  develop- 
ment of  machines.  The  relation  of  ma- 
chine development  to  civilization  is  a  sub- 
ject of  the  greatest  interest,  but  of  vast 
range,  and  scarcely  less  extensive  is  the 
history  of  machine  development  itself; 
but  they  might  be  well  brought  directly, 
as  they  have  so  often  been  indirectly,  be- 
fore this  Society,  which  was  founded  for 
the  encouragement  of  arts,  manufactures, 
and  commerce.  Neither  of  these,  how- 
ever, forms  the  direct  object  of  this  paper, 
bat  one  which,  it  has  been  said,  the  Society 
has  ever  steadily  kept  in  view,  viz.,  "  the 
application  of  science  to  practical  pur- 
poses." In  order  to  study  the  applica- 
tion of  science  to  the  development  of  ma- 
chines, the  past  must  be  examined,  so 
that  the  course  of  development  may  be 
seen  ;  and  though  it  is  obviously  impos- 
sible to  follow  in  detail  the  growth  of  ma- 
chinery, a  few  examples  may  be  selected 
which  will  be  sufficient  to  illustrate  the 
fact  that  the  growth  has  taken  place  on 
certain  well-defined  principles.  It  will 
afterwards  be  possible  to  see  more  clear- 
ly what  is  the  present  state  of  this 
branch  of  science,  not  only  with  reference 
to  the  other  sciences,  but  also  to  the 
practical  requirements  of  future  machine 
development. 

The  history  of  the  early  machines  is 
lost  in  antiquity,  but  it  has  been  shown 
that  there  are  strong  grounds  for  consid- 
ering the  fire  chill  or  twirling  stick,  first 
revolved  between  the  hands  of  one  or  two 
operators,  as  one  of  the  earliest  examples 
of  machinal  motion,  and  that  a  long  pe- 
riod must  have  elapsed  before  the  intro- 
duction of  continuous,  instead   of  alter- 


nating, rotary  motion.  It  is  extremely 
probable  that  the  first  continuous  motion 
was  employed  in  connection  with  the 
grinding  of  corn.  The  use  of  a  simple 
stone  to  pound  the  wheat,  was  followed 
by  the  use  of  the  pestle  and  mortar, 
which,  as  Beckmann,  in  his  "  History  of 
Inventions,"  has  remarked,  was  probably 
the  kind  of  mill  possessed  by  every  fam- 
ily, which  Moses  forbade  to  be  taken  in 
pawn,  as  being,  for  obvious  reasons,  the 
same  thing  as  to  take  a  man's  life  in 
pledge.  This  early  mill  was  first  worked 
by  a  female  slave,  then  by  bondsmen, 
and  afterwards  by  cattle  ;  and  though  at 
first,  no  doubt,  only  a  heavy  kind  of  pestle 
was  used,  it  became  evident  that  the  end 
would  be  better  and  sooner  accomplished 
if  the  flat  cylindrical  stone,  with  a  verti- 
cal spindle,  were  employed,  and  thus 
arose  a  true  example  of  a  machine.  It  is 
evidently  necessary  at  this  point  that  as 
clear  an  idea  as  possible  should  be  ob- 
tained of  what  constitutes  a  machine, 
and,  therefore,  witho at  attempting  to  add 
another  to  the  many  definitions  already 
existing,  we  may  consider  a  machine  to 
be  a  combination  of  materials  arranged 
by  man,  so  as  to  enable  determinate  mo- 
tions to  be  obtained.  Possibly,  long  be- 
fore the  corn  mill  had  been  advanced  to 
the  form  which  might  entitle  it  to  be  re- 
garded as  a  machine,  there  were  many 
simple  machines  for  other  purposes,  such 
as  for  drawing  water,  preparing  clothing, 
and  for  agricultural  purposes.  These 
were  actuated  by  the  muscular  effort  of 
men  or  animals  ;  and  though  the  employ- 
ment of  the  latter  evinced  considerable 
progress,  it  was  a  far  greater  and  more 
important  step  when  the  forces  of  nature, 
other  than  muscular,  were  first  turned  to 
do  work  in  machines.  No  doubt,  the 
I  power  of  flowing  water  was  the  first  so 
I  used,  though  whether  for  irrigation  or 
with  corn  mills,  or  for  any  other  purpose, 
i  it  is  impossible  to  say.  Beckmann  con- 
siders that  corn  mills  were  first  intro- 
|  duced  in  the  time  of  Mithridates,  Julius 
|  Caesar,  and  Cicero,  and  states  that  a 
floating  mill  was  employed  by  Belisarius 
i  on  the  Tiber,  in  the  year  536  ;  but  the 
Chinese  used  water-wheels  for  the  pur- 
poses of  irrigation  at  a  very  early  date. 
The  use  of  the  more  uncertain  and  re- 
fractory element,  wind,  for  motive  power, 
showed  a  still  further  advance,  and  though 
difficult  to  fix  the  exact  date  of  the  first 
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windmill,  it  has  been  shown  by  Beck- 
roann  that  it  is  very  improbable  that  the 
Romans  knew  of  them,  as  the  first  au- 
thentic record  does  not  occur  in  the  clas- 
sics, but  in  the  account  of  a  mill  in 
France,  as  late  as  the  year  1105,  one  in 
this  country  being  mentioned  in  the 
year  1143.  The  greatest  difficulties  of 
all  had  to  be  overcome  in  bringing  into 
direct  application  the  molecular  forces  to 
actuate  machines,  but  at  the  same  time 
this  step  has  been  by  far  the  most  pro- 
ductive of  results.  The  invention  of  the 
steam  engine  may  truly  be  said  to  mark 
a  new  era  of  progress,  for  it  has  given  to 
man  the  direction  of  almost  unbounded, 
and  at  the  same  time  perfectly  control- 
lable, machine  power.  On  account  of  its 
importance,  and  also  because  its  history 
is  better  known  than  that  of  most  other 
machines,  no  better  example  could  be 
chosen  to  illustrate  the  manner  of  ma- 
chine development. 

The  first  proposal  to  use  the  expansive 
force  of  steam  was  made  by  Hero  of 
Alexandria,  more  than  2,000  years  ago, 
but  for  several  hundred  years  after,  not 
even  a  reference  appears  to  have  been 
made  to  the  subject.  At  lenglh,  how- 
ever, with  the  revival  of  learning,  atten- 
tion was  directed  to  the  properties  of 
steam  by  one  philosopher  and  another. 
In  the  16th  century,  Cardan  mentions  the 
vacuum  formed  by  the  condensation  of 
steam  ;  and  there  are  on  record  the  sug- 
gestions, more  or  less  vague,  of  Matthe- 
sius,  Besson,  Ramelli,  Leonardi  da  Yinci, 
Porta,  Solomon  de  Caus,  Branca,  Wilkins, 
and  others,  all  belonging  to  what  Profes- 
sor Thurston,  referring  to  the  steam  en- 
gine, has  called  the  age  of  speculation ; 
but  the  time  was  not  ripe  for  practical 
results,  and  neither  knowledge  of  scien- 
tific principles  nor  of  the  use  of  materials 
was  sufficiently  advanced  to  enable  an 
application  on  more  than  the  smallest 
scale,  and  in  more  than  a  tentative  man- 
ner, to  be  made  of  these  proposals.  It 
is  not  till  about  two  centuries  ago  that 
the  period  of  application  is  reached,  and 
then  we  find  that  science  had  progressed, 
the  art  of  working  iron  was  well  estab- 
lished, and  many  machines  existed.  The 
inventor  who  then  took  up  the  subject 
and  carried  it  to  a  point  far  beyond  what 
it  had  hitherto  reached,  was  the  second 
Marquis  of  Worcester,  who,  in  addition 
to    the   advantages    already    mentioned, 


which  time  and  workers  in  other  direc- 
tions had  brought  him,  possessed  both 
wealth  and  influence,  and  was  a  thought- 
ful and  studious  man.  This  nobleman 
set  to  work  upon  the  problem,  which  he 
prosecuted  with  the  greatest  ardor  to  the 
end  of  his  life,  and  of  the  ultimate  suc- 
cess of  which  he  entertained  the  most 
exalted  opinions.  Yet,  in  spite  of  all 
this,  he  died  poor  and  unsuccessful.  His 
"water-commanding"  engine,  as  he 
called  his  steam  pump,  was  neither  yet 
demanded  with  sufficiont  emphasis,  nor 
was  the  practice  of  working  materials 
yet  sufficiently  advanced  to  make  his 
trial  at  Raglan  Castle,  and  later  still,  at 
Vauxhall,  in  London,  more  than  a  par- 
tial success.  Still  the  problem  of  steam 
power  was  thus  brought  prominently 
forward,  and  Sir  bamuel  Morland  pub- 
lished, soon  after,  a  table  of  volumes  and 
corresponding  pressures  of  steam,  which, 
considering  the  date  (1683),  was  a  re- 
markably close  approach  to  the  best  re- 
sults hitherto  attained.  Time  went  on, 
and  the  miners  in  Cornwall  were  suffer- 
ing from  the  water  in  their  shafts ;  so, 
again,  in  the  west  of  England,  we  find 
another  inventor  working  at  the  question 
of  steam.  This  inventor,  Thomas  Savery, 
of  Devonshire,  was  also  an  educated  man, 
being  a  military  engineer,  and  it  is  prob- 
able that  he  was  well  acquainted  with  the 
work  of  the  Marquis  of  Worcester.  This 
is  to  be  inferred,  not  only  from  certain 
statements  published  at  the  time  but 
from  the  fact  that  his  engine  bears  con- 
siderable resemblance  to  that  of  Worce- 
ster, at  any  rate  as  far  as  can  be  made 
out  from  marks  on  the  walls  at  Raglan 
Castle,  and  the  mystified  description  of 
it  which  was  published.  Now,  it  must 
be  borne  in  mind  that  both  these  en- 
gines applied  the  expansive  force  of 
steam  treated  of  by  Hero,  with  the  princi- 
ple of  condensation  mentioned  by  Car- 
dan, for  forcing  water  in  the  way  sug- 
gested by  Porta  and  Solomon  de  Caus, 
but  had  increased  the  complexity  of  the 
apparatus  proposed  by  De  Caus,  but  the 
addition  of  a  separate  vessel  in  which 
the  forcing  was  performed,  and  by  sun- 
dry valves,  which,  however,  greatly  in- 
creased the  efficiency  of  the  engine,  and, 
in  fact,  rendered  it  a  practicable  machine. 
Savery's  engine  worked  to  a  certain  ex- 
tent satisfactorily,  but  a  limit  to  its  pow- 
ers was  soon  reached,  simply  from   the 
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imperfect  materials  at  his  command. 
This  is  made  clear  from  the  comically  se- 
rious account  of  Desaguliers  of  the  ex- 
penses Mr.  Savery  was  at  because  he  had 
to  use  hard  solder  instead  of  soft,  as  the 
latter  would  not  withstand  the  heat  or 
pressure  at  the  joints  of  the  boilers.  It 
is  a  significant  fact  that  one  of  the  most 
successful  of  recent  inventions,  viz.,  the 
Pulsometer,  is  nothing  more  than  an  au- 
tomatic Savery  engine,  which  would  be  as 
useless  as  the  engine  of  Savery,  were  it 
not  for  the  present  increased  knowledge 
of  the  nature  and  properties  of  materials. 
To  Denys  Papin,  a  distinguished  French- 
man, belongs  the  honor  of  *suggesting, 
in  1690,  the  use  of  the  cylinder  and  pis- 
ton, with  which  the  pressure  of  the  at- 
mosphere coul  i  be  utilized  when  the 
steam  was  condensed  inside.  That  he 
afterwards  went  back  from  this,  and  en- 
deavored so  use  the  inferior  design  of 
Savery,  in  order  to  obtain  continuous  mo- 
tive power  by  raising  water  for  a  water- 
wheel,  does  not,  as  it  has  been  asserted, 
testify  to  ignorance  of  its  superiority, 
and  cause  him  to  forfeit  the  credit  for 
its  invention.  He  himself  said  that  "  the 
principal  difficulty  is  that  of  making 
these  large  cylinders,"  and  his  attempt 
to  overcome  this  difficulty  is  proved  by 
the  present  existence  of  a  large  cylinder 
of  his  construction  in  a  court  of  the 
museum  at  Cassel,  in  Germany.  The 
next  inventor  moved  forward  a  great  step, 
and  this  step  was  the  practical  applica- 
tion of  the  steam  cylinder  of  Papin. 
Here,  again,  the  west  of  England,  where 
previous  inventors  had  worked,  and 
where  the  steam  engine  was  urgently 
needed,  supplied  the  inventor,  in  the  per- 
son of  Thomas  Newcomen,  blacksmith 
and  ironmonger,  of  Dartmouth,  who  was 
assisted  by  John  Cawley,  a  glazier.  The 
former,  living  but  fifteen  miles  from  Sav- 
ery, was  probably  well  acquainted  with 
his  work,  even  if  he  had  not  been  actu- 
ally employed  upon  a  portion  of  it,  and 
had  certainly  the  advantage  of  knowing 
Papin's  proposal,  as  is  evidenced  by  his 
correspondence  with  Dr.  Hooke.  The 
engine,  under  Newcomen,  now  as 
sumed  the  form  of  a  train  of  mech- 
anism more  complex,  but  far  more  effi- 
cient, and  down  to  a  certain  limit,  the 
pits  were  cleared  of  water.  An  accident 
led  to  the  use  of  internal  injection,  and 
consequent  increase  of  power  in  the  en- 


gine. The  ingenuity  of  a  youthful  at- 
tendant some  time  after  led  to  its  con- 
version into  a  self-acting  motor,  which 
only  occurred  when  the  boy,  Humphrey 
Potter,  to  save  himself  the  trouble  of 
working  the  valves  by  hand  devised  an 
arrangement  of  strings  and  catches  to 
perform  this  operation  automatically. 
Beighton  replaced  the  latter  arrangement 
by  a  beam  with  sundry  levers  and  tap- 
pets, and  Smeaton  still  further  improved,, 
enlarged,  and  at  the  same  time  compli- 
cated the  engine.  It  was,  however,  to 
James  Watt  that  the  greatest  advance 
was  due.  The  inventor  began  his  study 
of  the  subject  in  1763,  at  the  point  t a 
which  it  had  been  brought  by  previous 
inventors,  as  he  was  led  to  examine  the- 
defects  of  the  steam  engine  from  a  mod- 
el of  that  of  Newcomen  at  the  Glasgow 
University.  His  first  and  greatest  con- 
tribution to  the  problem  was  the  separ- 
ate condenser ;  but  it  is  only  possible  to 
sum  up  all  his  work,  and  it  may  be  said 
that  Watt  found  the  steam  engine  single- 
acting,  and  merely  capable  of  exerting  a 
force  in  one  direction.  He  left  it  double- 
acting,  capable  of  giving  continuous  ro- 
tary motion,  self-regulated,  vastly  more 
economical  and  reliable.  To  attain  all 
this,  he,  however,  had  to  invent  and  ap- 
ply much  more  complicated  valve  ar- 
rangements, packing  for  glands,  parallel 
motion,  governors,  separate  condenser, 
hot-well  air-pump,  crank,  or  its  substitute, 
the  sun  and  planet  motion,  and  fly-wheel, 
not  to  mention  a  great  number  of  me- 
chanical details,  such  as  extra  bearings, 
connections,  &c,  for  carrying  these  addi- 
tions into  effect,  and  for  constraining  the 
motion  of  the  various  parts,  so  as  to 
make  the  action  more  certain  and  reliable. 
In  reading  the  life  of  Watt,  it  is  evident 
that  his  greatest  difficulties  were  not  in 
conceiving  ideas,  but  in  executing  them, 
and  that  the  struggle  to  find  material 
and  workmen  represent  largely  his  ef- 
forts during  the  interval  of  twenty  years 
which  elapsed  before  success  rewarded 
his  efforts.  It  is  now  just  100  years  ago 
since  Watt  took  out  the  patent  for  his 
rotative  engine  ;  and,  excepting  in  one 
or  two  points,  no  improvement  which 
has  resulted  in  simplification  can  be  said 
to  have  taken  place.  Improved  machine 
tools  have  enabled  the  more  complex 
parallel  motion  to  be  replaced  by  the 
guide  bars    and   crosshead  of   the  ordi- 
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nary  horizontal  or  vertical  engine ;  but  if 
the  condenser  is  often,  for  practical  rea- 
sons, removed,  this  necessitates  a  loss  of 
efficiency  as  a  heat  engine.  On  the  other 
hand,  neatness  of  design  must  not  be 
mistaken  for  simplification  of  parts, 
and  the  compact  and  apparently  simple 
modern  engine  may  yet  have  reversing 
gear  expansion  valves,  automatic  lubri- 
cators, and  a  variety  of  appliances,  which 
render  it  really  more  complex  than  the 
old  beam  engine  of  Watt.  But  to  obtain 
an  idea  of  the  direction  which  progress 
has  really  taken,  take  the  case  of  the  en- 
gines of  a  first-class  Atlantic  steamer. 
The  details  in  the  annexed  table  of  the 
number  of  parts  of  such  have  been  fur- 
nished to  the  author  through  the  courtesy 
of  the  builders. 

Table  Showing  the  Numbek  of  Parts  in  the 
Engines  and  Boilers  of  a  First-class  At- 
lantic Steamer. 

Jam  nuts 238 

Split  pins 400 

Levers 37 

Guard  rings 108 

Pins 1,144 

Moving  parts  100 

Total  number  of  pieces  in  engines 6,000 

Auxiliary  engines 23 

Steam  pipes 271 

Pumping-out  arrangement 172 

Talves ,-.  147 

Gauges 9 

Lubricators,  impermeators 147 

Bolts 7,868 

Studs 3,000 

Nuts  10,407 

Rivets 64,888 

Boiler  tubes 2,270 

Condenser  tubes 4,456 

Boiler  stays 1,582 

Furnace  bars 1,356 

Furnaces 24 

Perhaps  one  of  the  most  significant 
items  is  that  of  the  twenty-three  auxil- 
iary engines,  each  a  separate  self-regu- 
lating, self-contained,  motor,  supplied 
simply  to  work  separate  portions  which, 
at  first,  used  to  be  worked  by  the  main 
engines  or  by  hand.  Consider  the  764 
parts  made  up  of  jam  nuts,  split  pins, 
and  guard  rings,  placed  solely  for  extra 
security,  not  to  say  the  1,144  pins,  many 
of  which  are  for  this  purpose ;  and  lastly, 
the  enormous  total  of  which  appears  to 
amount  to  104,642  parts,  each  requiring 
separate  construction,  fitting  and  secur- 
ing, and,  truly,  it  will  be  said  that  prog- 
ress does  not  take  place  in  the  direction 
of  simplicity.     But   if  the  visitor  is  led 


to  turn  from  the  difficulty  of  even  under- 
standing this  complex  system,  to  the 
thought  of  what  a  marvelous  achieve- 
ment the  design  of  such  a  machine  must 
be,  perhaps,  what  strikes  him  even  more 
than  its  complexity  is  the  perfect  inter- 
dependence of  the  parts,  and  the  extra- 
ordinary ease  with  which  it  is  all  con- 
trolled, and,  in  short,  the  wonderful 
unity  of  the  machine  as  a  whole. 

The  progress  of  the  invention  of  the 
most  important  class  of  machines,  viz., 
prime  movers,  has  now  been  briefly  traced, 
and  it  will  be  found  that  there  are  cer- 
tain salient  features  in  their  development 
common  to  that  of  all  machines. 

The  first  of  these  seems  to  be  that 
progress  does  not,  as  a  rule,  take  place 
in  the  direction  of  simplification,  but 
rather  from  simple  to  complex  forms,  ac- 
companied by  more  definite,  reliable,  and 
constrained  machinal  motions.  In  pro- 
portion as  the  machine  becomes  capable 
of  performing  more  extended  operations, 
and  accomplishing  them  by  itself,  requir- 
ing less  human  intervention — that  is,  be- 
comes more  automatic  and  self -regulating 
— so  the  parts  multiply,  and  complexity 
increases.  This,  Professor  Kennedy,  in 
his  translation  of  Reuleaux's  work,  has 
called  an  extensive  and  intensive  growth ; 
extensive,  in  decreased  range  of  opera- 
tion ;  and  intensive,  in  increased  internal 
power  of  action.  This  tendency  is  cer- 
tainly that  which  is  visible  in  past  prog- 
ress, and  this  replacing  of  manual  effort 
and  intervention  still  goes  on,  and  is,  for 
instance,  illustrated  by  the  enormous  in- 
crease in  the  number  of  small  auxiliary 
motors. 

In  the  next  place,  it  is  seen  that  there 
is  a  conspicuous  dependence  upon  the 
growth  of  the  other  arts  and  sciences, 
especially  upon  the  knowledge  of  the  use 
of  materials.  Again,  it  is  clear  that  ma- 
chines are  not  the  product  of  one  man's 
brain,  but  of  the  successive  labors  of 
many  minds,  and  are  a  growth  rather 
than  a  sudden  creation.  That  this  is 
true,  even  of  ideas,  is  illustrated  by  the 
fact  that  nearly  every  successful  inventor 
in  the  case  of  the  steam  engine  seems  to 
have  had  the  benefit  of  knowing  not  only 
the  successful,  but  often  also  the  unsuc- 
cessful, attempts  of  previous  workers, 
and  to  have  even  then  required  consider- 
able time  and  labor  to  project  further  ad- 
vance. 
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In  addition  to  these  points,  there  is 
another  which  comes  out  more  clearly 
when  a  study  of  the  lives  of  the  invent- 
ors themselves  is  made,  and  this  is  that 
the  course  of  invention  has  not  been  by 
any  means  continuous,  but  that  often 
a  retrograde  movement  has  taken  place. 
Machines  have  not  only  been  unsuccess- 
ful because  proper  materials  have  not 
been  forthcoming,  but  also  because  at- 
tempts at  improvement  have  been  made 
upon  wrong  principles.  A  striking  ex- 
ample of  this  is  furnished  by  the  im- 
mense number  of  unsuccessful  attempts 
to  make  a  rotary  steam  engine,  towards 
which  end  inventors  have  been  (and  are) 
apparently  urged  by  false  views  of  the 
value  of  simplicity  in  a  machine.  This 
is  not  only  a  procedure  in  a  false  direc- 
tion, on  purely  machinal  grounds  which 
have  been  explained  and  exposed  by  Keu- 
leaux,  but  also  appears  to  be  opposed  on 
-certain  general  principles  to  the  best 
method  of  employing  steam  as  a  work- 
ing agent,  and  the  only  rotary  engine 
which  at  present  promises  to  be  a  success 
has  elaborate  arrangements  for  packing 
purposes,  rendering  it  anything  but  sim- 
ple in  construction. 

The  truth  of  the  foregoing  conclusions 
becomes  increasingly  evident  upon  a  re- 
view of  the  history  of  other  machines, 
whether  for  weapons  or  tools,  for  pre- 
paring food  or  clothing,  for  the  purpose 
of  measurement,  or  the  communication 
of  ideas.  Only  one  example  in  each  of 
these  important  classes  of  machines  can  be 
referred  to,  and  that  only  in  a  word  or 
two. 

Of  weapons,  the  most  important  is  the 
fire-arm,  and  of  this  the  forerunner  is 
seen  in  the  cross-bow,  which  replaced, 
with  more  perfect  guiding  arrangements, 
the  simple  bow  and  arrow.  The  elastic 
force  of  the  bow-string  was,  after  long 
use,  replaced  by  that  of  the  heated  gases 
from  the  exploded  powder ;  but  the  old 
matchlock  was,  as  its  name  implies,  a 
crude  weapon  compared  with  the  flint- 
lock, and  the  latter  was  vastly  more 
simple  than  the  musket  with  percussion 
cap ;  then  came  the  early  Enfield  rifle, 
followed  by  the  breech-loading  Snider 
and  Martini,  each  more  complex  than  its 
predecessor,  but  still  simple  compared 
with  the  Gattling,  the  earliest  machine 
gun,  which  was  first  brought  forward 
during  the  American  war ;  this  was  fol- 
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lowed  by  the  Hotchkiss,  the  Lowell,  the 
Nordenfelt,  and  Gardner.  It  was  re- 
served for  Mr.  Hiram  Maxim,  of  Lon- 
don, to  conceive  and  quite  recently  to 
carry  into  execution  a  weapon  which  is 
a  marvel  of  automatic  action,  and  illus- 
trates in  a  remarkable  manner  the  tend- 
ency towards  that  intensive  development 
of  machines  already  referred  to.  This 
gun  actually  performs  all  the  functions 
of  carrying  the  cartridge  to  its  place,  of 
locking  it  in,  cocking,  firing,  withdrawing 
the  shell  of  the  cartridge,  and  ejecting  it, 
and  this  not  by  the  force  of  human  ac- 
tion, but  simply  by  the  force  of  its  own 
recoil,  which  has  only  hitherto  produced 
an  injurious  shock  upon  the  supporting 
frame.  Yet  the  external  appearance  of 
this  gun  is  remarkably  simple,  and  it 
has  but  one  barrel ;  but  if  anyone  thinks 
its  construction  is  really  a  step  in  the 
direction  of  simplicity,  let  them  go 
through  the  process  of  understanding 
its  action  from  written  description,  aided 
merely  with  diagrams.  Yet,  in  the  his- 
tory of  guns,  the  progress  has  not  always 
been  in  the  forward  direction  ;  the  big 
breech-loading  guns  first  introduced 
were,  after  a  while  discarded,  and  a  re- 
turn made  to  muzzle-loaders;  but  this 
was  simply  because  of  the  difliculties  of 
safe  and  reliable  construction,  a  matter 
which  the  progress  of  knowledge  has  in 
time  enabled  to  be  satisfactorily  accom- 
plished. 

In  the  case  of  tools,  the  early  hand 
tools  preceded  the  primitive  lathe, 
in  which,  when  two  operators  were 
not  required,  the  two  hands  of  the 
worker  were  supplemented  by  the  as- 
sistance of  one  foot,  his  big  toe  being 
also  brought  into  requisition  as  he  sat  on 
the  ground  in  front  of  his  work.  The 
lathe,  with  a  simple  hand-rest,  was  the 
factotum  of  the  early  machinist ;  by  its 
means  his  boring,  turning,  and  drilling 
was  at  first  done,  but  by  degrees  the 
slide  rest  and  screw-cutting  gear,  speed 
cones  and  surfacing  arrangements,  pul- 
leys, and  various  other  ajDpliances,  were 
gradually  introduced.  The  increased 
complexity  is  not  only  seen  in  the  par- 
ticular machine  in  question,  but  in  the 
variety  of  special  tools  derived  from  it, 
such  as  meet  the  eye  of  the  visitor  in 
vast  array  in  such  a  place  as,  for  instance, 
the  machine  department  of  the  locomo- 
tive works  at  Swindon.     There  are  seen 
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special  turning,  boring,  surfacing,  drill- 
ing, screwing,  facing,  polishing,  grinding, 
centering,  and  other  machines,  all  to  do 
the  special  work  of  the  early  lathe,  and 
of  many  of  these  numerous  varieties  ex- 
ist, often  differing  apparently  in  external 
appearance.  These  are  only  a  small  por- 
tion of  metal-working  machines,  and 
equally  striking  examples  of  tools  for 
working  wood  and  other  materials  might 
be  taken.  Special  tools,  like  the  steam 
hammer,  have  a  history  which  testifies  to 
the  nature  and  mode  of  progress,  not 
less  than  the  lives  of  Maudslay,  Whit- 
worth,  Nasmyth,  and  other  great  tool 
makers.  The  progress  of  the  hammer, 
from  the  first  stone  weapon  to  the  tilt 
hammer,  and  then  to  the  great  step  of 
the  steam  hammer  by  Nasmyth,  which 
no  one  would  take  up  in  this  country 
even  after  its  application,  at  first  un- 
known to  him,  at  the  Creusot  "Works  in 
France,  because  "it  was  not  likely  to  be 
required,''  its  improvement  by  Con  die, 
and  the  limit  of  its  powers,  not  by  any 
inability  to  construct  still  larger  forms, 
but  for  reasons  which  render  hydraulic 
pressure  upon  huge  masses  of  metal  a 
superior  kind  of  action,  all  of  this  being 
in  accordance  with  the  views  previously 
stated. 

In  connection  with  machines  for  sup- 
plying and  preparing  food,  there  might 
be  taken  the  whole  class  of  agricultural 
machinery,  besides  a  large  number  of 
special  machines  for  various  purposes. 
The  early  history  of  corn  mills  has  al- 
ready been  referred  to,  and  in  the  gradu- 
ally increasing  number  of  appliances 
which  were  introduced  into  the  water- 
mill,  increasing,  to  a  certain  extent  with 
the  introduction  of  the,  windmill,  and  in 
a  still  greater  degree  with  the  modern 
steam  flour  mil],  might  be  found  undeni- 
able increase  of  complexity.  But  if  the  sys- 
tem of  low  grinding  with  the  simple  cir- 
cular stone  has  itself  grown  more  com- 
plex, what  might  be  said  of  the  system 
of  high  grinding  (invented  to  deal  with 
the  hard  grains)  as  practiced  in  Austria 
and  America,  where  the  flour  is,  by  a 
complex  series  of  mechanical  processes 
divided  into  as  many  as  ten  or  twelve 
different  qualities,  or  of  the  various  re 
finement  for  cleaning  and  separating  the 
grain  for  grinding,  for  sifting  or  dress 
ing,  and  lastly,  for  purifying.  A  high 
authority   on   the  subject,    Mr.  Proctor 


Baker,  says,  "  One  rule  must  predominate 
over  all  other  considerations,  viz.,  that 
the  material  in  the  process  of  manufac- 
ture must  not  require  to  be  moved  by 
hand  labor,  at  any  stage,  from  its  recep- 
tion into  the  mill  until  it  is  finally  packed 
in  the  bags  in  which  it  is  to  be  delivered 
to  the  consumer."  But,  in  this  case, 
many  millers  have  found,  to  their  cost, 
that  there  is  a  very  close  connection  be- 
tween the  machine  and  the  work  required 
from  it,  and  that  costly  and  expensive 
plant  does  not  ensure  the  best  results,  if 
the  correct  requirements  of  the  case  are 
overlooked.  The  tendency  is  to  make 
the  process  more  independent  of  exter- 
nal intervention  from  manual  sources. 

Coming  now  to  the  important  class  of 
machinery  employed  in  connection  with 
clothing,  the  history  of  machines  for 
working  either  cotton,  wool,  hemp  or 
flax,  all  tell  the  same  tale  of  gradual  im- 
provement and  more  intensive  forms  of 
construction;  but  instead  of  any  of 
these,  which  have  really  become  systems 
of  machines,  a  single  machine  of  more 
modern  introduction  may  be  taken.  The 
sewing  machine  is  universally  known  and 
employed,  and  is  commonly  supposed  to 
have  been  invented,  perfected,  and 
brought  into  general  use  almost  at 
once. 

This  is,  however,  very  far  from  the 
case,  and  a  writer  in  Knight's  "Diction- 
ary of  Mechanics  "  thus  describes  its  in- 
vention : 

"The  earliest  machine  first  used  the 
needle  and  needleful  of  thread  in  making 
a  running  stitch.  Then  the  eye  was 
placed  in  the  middle  of  the  needle,  which 
was  sharpened  at  both  ends,  to  save 
turning  it  about  when  returning  it,  the 
needle  being  pushed  and  drawn  by  steel 
fingers  on  each  side  of  the  goods.  The 
invention  was  yet  an  implicit  copying  of 
human  manipulation,  and  the  next  step 
merely  shifted  the  mode  from  the  stitch 
of  the  seamstress  to  that  of  the  tambour 
worker.  The  needle  was  passed  through 
the  goods  and  returned,  leaving  a  loop, 
which  was  to  be  detained  so  as  to  be  en- 
tered by  the  needle  at  its  next  descent, 
leaving  another  loop,  and  so  on.  A 
modification  is  mentioned  of  a  crotchet 
hook ;■....  but  a  man  of  mark 
will  find  a  new  departure.  He  must  de- 
vise new  modes  of  procedure  adapted  to- 
the  needs  of  the  new  steel  man    who  is 
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automatic  but  unskillful,  and  one  of 
whose  principal  requirements  is  continu- 
ity of  motion The  new  ele- 
ments were  not  invented  all  at  once.  One 
of  the  most  important  was  overlooked 
for  fifty  years  after  it  had  been  patented. 
Another  was  invented,  made,  and  exhib- 
ited, and  then  slept  a  profound  sleep  of 
twelve  years ;  another  was  invented  and 
patented,  but  was  in  a  useless  shape,  and 
lay  dormant  until  really  valuable  inven- 
tions were  made,  when  it  arose  and 
claimed  them  as  mere  adaptations.  There 
is  no  important  machine  for  sewing  fab- 
rics now  manufactured  that  does  not  use 
all  of  the  three  elements  mentioned — the 
continuous  thread,  the  eye-pointed 
needle,  and  tbe  continuous  feed ;  but  the 
former  two  of  these  had  been  in  exist- 
ence for  sixty  and  twenty  years  respec- 
tively before  they  were  united  to  the 
latter,  which,  coming  in  the  fruition  of 
time,  was  more  quickly  recognized  as  a 
necessity." 

Yet,  curiously  enough,  this  clear  ac- 
count is  prefaced  by  the  following 
words : 

"The  growth  of  invention  is  in  the 
direction  of  simplicity ;  but  it  is  neces- 
sary, in  the  first  place,  to  conceive  needs, 
and  then  to  follow  a  host  of  temporary 
expedients — mere  patchwork,  as  it  after- 
wards appears.  In  the  course  of  time 
rises  a  reorganizes  who  proposes  to  de- 
vise means  adequate  to  meet  the  changed 
conditions  which  supervene,  when  a  ma- 
chine is  called  upon  to  take  the  place  of 
the  human  operator." 

Now,  from  what  was  before  quoted,  it 
is  clear  that  the  sewing  machine  really 
became  more  complete  in  proportion  as 
it  became  more  efficient ;  and  indeed,  the 
last  lines  show  that  the  writer,  to  a  cer- 
tain extent,  recognizes  this  fact ;  so  that 
this  is  an  evident  case  of  the  common 
error  of  confusing  the  idea  of  apparent 
simplicity  from  improved  external  de- 
sign, with  the  real  simplicity  of  essential 
parts. 

Time  does  not  permit  of  any  account 
to  be  given  of  the  growth  of  that  typical 
instrument  of  measurement,  the  clock, 
even  one  stage  of  which,  viz.,  the  inven- 
tion of  the  chronometer  by  John  Harri- 
son, the  history  of  which  has  been  re- 
cently so  ably  told  by  Dr.  Smiles  in  his 
"  Invention  and  Industry,''  is  so  full  of 
instruction.     Neither   can   machines  for 


the  communication  of  ideas  be  more  than 
briefly  noticed  by  a  reference  to  the  also 
typical  printing  machine.  Blocks  of 
burnt  clay,  stone  and  wood,  had  been 
used  from  the  earliest  times,  and  from 
the  handles  upon  those  in  the  British 
Museum,  which  were  in  use  by  the  Bo- 
mans  before  the  Christian  era,  the  mode 
of  operation  is  evident.  It  is  not  very 
clear  when  the  first  printing  press  was 
invented,  but  the  early  screw  press  was 
evidently  in  use  for  a  long  time  prior  to 
the  year  1620,  when  Blaew,  of  Amster- 
dam, introduced  the  traveling  bed,  the 
lever-screw  for  depressing  the  platten, 
and  the  spring  for  raising  it.  Only 
slight  modifications  were  made  until  the 
invention  by  Lord  Stanhope,  at  the  end 
of  the*  18th  century,  of  the  toggle  joint 
press.  In  1790,  Nicholson  invented  the 
first  cylinder  machine ;  in  1811,  Koenig 
(whose  history  is  also  as  well  told  by  Dr. 
Smiles)  set  the  first  steam-printing  press 
to  work,  and  the  Times  of  November  the 
29th,  1814,  was  the  first  instance  of  a 
newspaper  printed  by  steam.  The  course 
of  invention  has  since  then  moved  on- 
wards, and  anyone  who  has  watched  an 
edition  of  the  Times  being  printed  off 
will  be  quite  prepared  to  admit  with, 
perhaps,  as  much  emphasis,  the  marvel- 
ous definiteness  and  certainty  of  action 
of  the  present  machine,  and  they  will 
also  admit  the  fact  that  simplicity  is 
not  the  most  striking  and  obvious  fea- 
ture. 

The  foregoing  examples  will  suffice  to 
make  it  clear  that  machine  development 
has  followed  the  path  of  progress  from 
simplicity  to  complexity,  and  at  the  same 
time  from  indefiniteness  and  uncertainty 
of  results  to  definiteness  and  certainty ; 
also  that  this  has  been  accompanied  by 
the  tendency  to  multiply  different  special 
parts,  or  even  separate  special  machines, 
as  in  a  machine  workshop  or  mill,  but,  at 
the  same  time,  to  render  the  machine  or 
machine  system  more  and  more  one  com- 
pact and  integral  whole.  But  this  is 
exactly  following  what  is  known  as  the 
law  of  evolution.  This  law,  long  ago  ap- 
plied by  Herbert  Spencer  in  his  first 
principles  to  social  progress  generally,  is 
defined  by  him  thus :  u  Evolution  is  a 
change  from  an  indefinite  incoherent 
homogeneity  to  a  definite  coherent 
heterogeneity,  through  continuous  differ- 
entiations and  integrations^      Perhaps 
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the  thought  may  occur  to  someone  pres- 
ent that  evolution  might  with  profit  hold 
with  regard  to  this  mode  of  statement  of 
the  law  itself,  but  it  is  evident  that  its 
application  to  machines  is  fully  justified. 
But  the  law  is  borne  out  in  details,  nota- 
bly by  the  fact  that  progress,  as  has 
been  shown  in  several  cases,  has  not  been 
continuous  and  uninterrupted,  for  that 
some  time  a  retrograde  movement  has 
taken  place,  and  sometimes  the  environ- 
ment, in  other  words,  the  state  of  other 
arts  and  sciences,  has  required  modifica- 
tion for  any  further  change  at  all  to  be 
made.  Thus  again  may  be  applied  to 
machine  development  Herbert  Spencer's 
statement  in  reference  to  progress  gener- 
ally, that  "throughout  that  re-arrange- 
ment of  parts  which  constitutes  evolu- 
tion, we  must  nowhere  expect  to  see  the 
change  from  one  position  to  another  af- 
fected by  continuous  movement  in  the 
same  direction.  We  shall  everywhere 
find  a  periodicity  of  action  and  re-action, 
backward  and  forward  motion,  of  which 
progress  is  a  differential  result."  Hence 
there  appears  to  be  abundant  grounds 
for  taking,  as  the  expression  of  an  im- 
portant truth,  the  idea  conveyed  by  the 
title  "  The  Evolution  of  Machines." 

All  that  has  been  hitherto  done  in  this 
paper  is  to  consider  the  actual  growth  of 
the  machine  itself,  and  the  ideas  which 
have  guided  inventors  have  been  only  al- 
luded to  incidentally.  It  is,  however, 
the  latter  subject,  viz.,  the  line  of  thought 
followed  by  the  inventor,  which  really 
forms  the  object  of  our  investigation  and 
to  which  the  study  of  the  growth  of  ma- 
chines was  only  a  preliminary  but  neces- 
sary step. 

The  points  concerning  the  inventor 
which  appear  to  have  been  brought  out, 
are: 

1.  The  increasing  complexity  of  the 
machines  which  it  is  his  task  to  improve 
upon,  and  the  already  highly  developed 
state  in  which  he  finds  them.  This  fact 
necessitates  careful  preliminary  study  of 
the  subject  if — as  was,  for  instance,  the 
case  of  James  Watt, — he  would  start 
level  with  the  age  in  which  he  lives,  and 
from  that  stage  of  development  to  which 
other  workers  had  brought  the  problem 
he  essays  to  carry  to  a  still  more  complete 
solution. 

2.  The  successful  inventor  is  not,  as  a 
rule,   the  entirely  original   genius  com- 


monly supposed,  but  has  depended  upon 
others  for  many  suggestions  and  experi- 
mental results. 

3.  That  however  sound  may  be  the 
ideas  of  an  inventor,  he  depends  both 
upon  the  progress  of  the  other  arts  for 
its  successful  carrying  out,  and  upon  the 
demands  of  the  age  for  its  successful 
introduction  and  application. 

It  will  be  well  to  consider  briefly  the 
modes  of  thought  and  precedure  of  in? 
ventors,    and  without   pretending  to  do 
more  than  mention  typical  cases,  it  may 
be  said  that  there  is,  first,  the  man  who, 
knowing   little   of   what   has   previously 
been  done,  upon  conceiving  an  idea,  at 
once  endeavors  to  put  it  into  a  practical 
form  with  such  rude  materials  as  he  may 
be  able  to  command,  and  after  many  fail- 
ures, even  supposing  that  he  succeeds, 
probably  finds  that  his  idea  is  either  of 
no  practical  value  or  has  been  invented 
many  times  before.      Next  there  is  the 
man  who,  with  little  experience  or  knowl- 
edge of  principles,  yet  has  the  wisdom 
to  spend  time  in  a  vigorous  preliminary 
effort  to  ascertain  what  has  already  been 
done,  and  the  effort  will  need  to  be  vig- 
orous if  we  search  the  Patent-office  rec- 
ords  in   their  present    state;    but  even 
though  ill-equipped  with  appliances,  he 
at  any  rate  starts  with  a  knowledge  of 
previous  attempts,  and   does  not  waste 
time  in  re-invention.     Lastly,  there  is  the 
man  who,  either  trained  in  science,  or, 
what  in  the   present   case    amounts   to 
the  same  thing,  has  correct  views  of  the 
principles  which  concern  his  end,  starts 
with  a  full  knowledge  of  the  special  ma- 
chine, as  far  as  it  has  hitherto  been  de- 
veloped, and  who  has  command,  either  by 
means  of  good  workmen  or  by  his  own 
personal  knowledge  and  skill,  of  the  best 
appliances  of  the  existing  state   of   the 
arts.     Though  it  has  been  said  that  great 
inventors   are  born  and  not  made,  yet, 
however  naturally  gifted  the  inventor  of 
the  first  class  may  be,  it  will  take  a  long 
and  weary    struggle    to    give   him   any- 
thing like  a  chance  of  doing  what  one  of 
the  last  class  may  at  once  accomplish.  In 
spite,  however,  of  this,  it  will  be  found 
that  the  difference  between  these  invetn- 
ors,  however  great  it  may  appear,  is  really 
one  of  degree,  and  that  the  general  mode 
by  which  the  result  has   been  arrived  at 
is,  as  far  as  it  can  be  discovered,  prac- 
tically the  same.     Though  the  last  may 
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have  used  one  or  more  known  sciences, 
it  was,  to  a  certain  extent,  by  a  process 
unknown  to  himself  that  even  he  arrived 
at  the  result.  It  was  more  or  less  a 
groping  in  the  dark — in  one  case  it  was 
almost  all  darkness — but  on  some  of  the 
steps  in  the  other  the  light  of  knowledge 
was  flashed.  Thus,  as  Reuleaux  has 
pointed  out,  there  arises  that  reverence 
for  the  inventor  which  is  greatly  due  to 
the  fact  that  he  has  succeeded  by  a  proc- 
ess which  is  unintelligible  even  to  him- 
self. And  what  has  been  said  of  invent- 
ors generally  may,  with  equal  truth,  be 
vsaid  of  the  every-day  practice  in  a  draw- 
ing office,  of  designing  machines,  even 
with  only  slight  variation  to  previous 
forms.  But  this  is  clearly  not  science 
but  art,  the  art  partly  natural,  partly  ac- 
quired, of  putting  together  knowledge, 
and  of  applying  the  results  of  science. 
It  may,  therefore,  not  unnaturally  be 
asked — Why  is  not  a  distinct  science  of 
machines  directly  applied  to  the  problem 
to  be  solved  ? 

In  order  to  answer  this  question,  let  us 
briefly  glance  at  the  history  of  the  study 
of  machines,  and  particularly  at  its  pres- 
ent state.  It  was  not  to  be  expected  that 
a  science  of  machines  would  be  origin- 
ated before  machines  had  themselves 
reached  a  certain  stage  of  development ; 
but  that  after  it  had  been  originated  it 
would  itself  follow,  as  other  sciences 
have  done,  the  law  of  evolution.  Such 
has  been  the  case  with  the  study  of  ma- 
chines, which  at  first  was  merely  descrip- 
tive ;  but  as  machines  multiplied,  some 
classification  became  necessary,  and  at- 
tempts were  made  to  effect  this.  Reu- 
leaux, in  his  sketch  of  science,  considers 
Leupold  to  be  the  first  to  separate  (in 
1724)  single  mechanisms,  but  that  noth- 
ing like  a  system  was  formed  until  quite 
the  end  of  the  18th  century  ;  he  proceeds 
to  review  the  various  attempts  to  found 
a  science  of  machines  upon  fundamental 
principles,  but  it  must  here  suffice  to  say 
that  though  each  worker  has  taken  a  part 
in  the  progress  of  science,  yet  no  one 
succeeded  in  founding  a  system  which 
has  had  a  practical  application,  and  we 
therefore  come  at  once  to  the  system  of 
Professor  Reuleaux  himself. 

Rather  more  than  ten  years  ago,  the 
"  Theoretische  Kinematik  "  of  Reuleaux 
was  published  in  Germany,  and  about 
two  years  after  was  translated  into  Eng- 


lish, and  edited  by  Professor  A.  B.  W. 
Kennedy,  who,  for  excellent  reasons, 
adopted  for  it  the  title  of  "  The  Kinem- 
atics of  Machinery."  The  kinematics  of 
machinery  may  be  considered  as  the  sci- 
ence of  the  motion  of  constrained 
bodies,  regarded  specially  from  the  ma- 
chinal point  of  view.  Bearing  in  mind 
what  was  said  at  the  commencement  of 
the  lecture,  no  arguments  are  needed  to 
show  why  this  must,  to  a  great  extent, 
be  regarded  as  the  science  of  machines ; 
for  it  is  clear  that  if  the  only  physical 
mode  of  operation  by  which  man  can  act 
is  to  effect  a  change  in  the  relative  posi- 
tion of  matter,  this  not  only  shows,  as 
there  explained,  the  reason  of  the  import- 
ance of  machines,  but  also  points  to  the 
science  of  machine  motions  as  the  branch 
of  greatest  importance.  This  it  does  by 
making  it  evident  that  the  object  of  a 
machine  is  to  effect  a  desired  definite 
movement  or  motion  of  some  portion  of 
matter.  The  practical  bearing  of  this 
consideration  is  forcibly  illustrated  by 
Reuleaux's  ultimate  division  of  all  ma- 
chinal arrangements  into  place- changing 
machines,  as,  for  instance,  locomotives, 
cranes,  clocks,  &c.  ;  and  form-changing 
machines,  as,  for  instance,  corn-rolling — 
or  saw-mills,  lathes,  paper-bag  machines, 
&c. 

The  deep  and  far-reaching  principle 
upon  which  the  system  of  Reuleaux  is 
based,  is  that  of  the  mutual  contact  of 
the  moving  parts  of  a  machine.  In  all 
cases  these  parts  must  have  the  property 
of  mutual  envelopment,  if  their  relative 
motion  is  to  be  constrained  and  definite ; 
and  this  correspondence  or  pairing, 
which  is  an  essential  feature  of  the  ma- 
chine, leads  to  the  statement  that  a  ma- 
chine consists  solely  of  bodies  which 
thus  correspond  pairwise  reciprocally. 
Pairs  join  together  links,  and  links  form 
a  chain,  and  a  chain  is  a  machine.  It  is 
by  the  combination  of  chains  that  any 
and  every  machine,  no  matter  how  com- 
plex, is  formed.  This  method  of  viewing 
the  machine  problem  leads  to  a  matter 
of  the  greatest  importance,  viz.,  the  con- 
struction of  a  "  notation  "  for  machines 
upon  scientific  principles.  Previous  at- 
tempts to  introduce  symbolic  representa- 
tion of  machine  parts  had  only  been  par- 
tially successful,  even  for  trains  of  wheel- 
work,  while  for  general  purposes  they 
had  been  eminently  unsatisfactory.     The 
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value  of  Keuleaux's  system  is  shown  by 
the  concise  way  in  which  it  represents 
the  remarkable  results  of  his  analysis  of 
machines,  and  puts  the  otherwise  impos- 
sible task  of  understanding  at  any  rate 
the  leading  features  of  all  the  various 
machines,  within  measurable  distance  of 
being  grasped  by  the  human  intellect. 
But  more  than  this  is  done.  After  ana- 
lyzing a  large  number  of  machines,  Reu- 
leaux  concludes  by  what  must  be  regard- 
ed as  the  first  effort  to  found  a  system 
of  kinematic  synthesis,  or  building  up 
of  machines.  The  problem  of  kine- 
matic synthesis  is  divided  by  him 
into  direct  and  indirect,  each  of  these 
divisions  being  again  subdivided  into 
general  and  special.  General  direct 
synthesis  should  give  immediately  the 
mechanisms  to  effect  a  given  place  or 
form  change ;  but  it  is  shown,  from  prac- 
tical reasons,  that  useful  results  from  this 
cannot  be  expected.  Special  direct 
synthesis  would  furnish  a  pair  of  ele- 
ments suited  to  effect  the  above  result, 
but  neither  can  this  method  give  results 
of  practical  value. 

General  indirect  synthesis  should  give 
beforehand  the  solution  of  all  machine 
kinematic  problems  in  advance.  This  is 
obviously  an  enormous  requirement ;  but 
it  is  shown  that  there  are  six  principal 
chains  or  mechanisms  upon  which  most 
machines  are  based,  and  these  Reuleaux 
examined.  Special  indirect  synthesis, 
however,  does  lead  to  really  practical  re- 
sults, and  the  whole  possible  number  of 
pairs  are  determined  and  arranged  in 
twenty-one  orders.  The  author  of  this 
system  does  not,  however,  recommend 
the  special  study  of  this  branch  of  the 
subject,  but  rather  that  machines  should 
be  treated  under  applied  kinematics  gen- 
erally, and  arranged  according  to  their 
practical  application.  Indeed,  beautiful 
and  interesting  as  this  part  of  the  sub- 
ject is,  it  must  be  said  that  it  appears  to 
be  the  least  satisfactory  portion  of  Reu- 
leaux's  great  work,  and  this,  with  our 
present  object  in  view,  is  certainly  disap- 
pointing. Perhaps  the  reason  for  this  is 
to  be  found  in  the  fact  that  the  motion 
to  be  obtained,  though  it  truly  forms  the 
practical  object  he  sought,  and  therefore 
makes  the  branch  of  the  subject  already 
considered  the  most  important,  can,  after 
all,  only  be  carried  into  actual  operation 
by  practical  means.     In  short,  the  defin- 


ite and  constrained  motions  sought 
after  can  only  be  obtained  by  employing 
suitable  materials  of  the  necessary 
strength.  The  progress  of  knowledge 
concerning  materials  has  already  been 
shown  to  have  always  borne  an  intimate 
relation  to  the  progress  of  machines, 
and  obviously  upon  the  scientific  applica- 
tion of  this  knowledge  must  further  ad- 
vance depend.  Reuleaux,  it  is  true, 
introduces  the  idea  not  merely  of  rigid 
solid  bodies  and  flexible  solid  bodies  (as 
belts,  cords,  &c),  as  Willis  had  done,  but 
also  fully  considers,  from  a  kinematic 
point  of  view,  the  machinal  properties  of 
liquids  and  gases,  and  one  of  the  most 
important  and  interesting  parts  of  his 
work  deals  with  this  subject.  This  is  a 
great  advance,  but  still  there  is  an  im- 
mense field  untouched  by  this  system, 
as,  for  instance,  the  nature  of  the  best 
forms  to  be  given  to  the  links,  or,  more 
important  still,  the  actual  effects  from  the 
contact  between  different  materials,  the 
nature  of  which  very  often  entirely  de- 
cides the  fate  of  a  new  machine.  On 
these  points  our  knowledge  is  yet  far 
from  complete.  Thus  take  the  modifica- 
tion of  the  time-honored  laws  of  friction 
when  applied  to  lubricants,  resulting 
from  the  recent  experiments  by  the  Com- 
mittee of  the  Institution  of  Mechanical 
Engineers,  or  consider  how  much  is  even 
now  known  of  rolling  friction,  and  its 
exact  effect  on  frictional  contact.  Knowl- 
edge of  materials  is  increasing  with  the 
increasing  use  of  testing  machines  of  all 
kinds,  but  unless  the  unlikely  event  hap- 
pens of  very  great  discoveries  in  the 
preparation  of  materials  continuing  to  be 
made,  some  more  compact  and  final  ar- 
rangement of  the  present  knowledge  in 
connection  with  the  science  of  machine 
development  should  be  possible.  In  ad- 
dition to  mere  motion  and  the  question 
of  materials,  the  scientific  application  of 
the  principles  upon  which  the  forces  of 
nature  can  be  made  to  overcome  the  re- 
sistance to  the  required  motions  in  the 
machine,  have  also  frequently  to  be  con- 
sidered by  the  inventor.  These  three 
branches  of  knowledge  now  considered, 
viz.,  motion  in  machines,  the  nature  and 
strength  of  materials,  and  the  forces 
which  are  required,  are  studied  in  this 
country  under  the  heads  of  Mechanism, 
Machine  Design,  and  Prime  Movers,  and 
collectively   represent   the  present  state 
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of  the  science  of  machines.  It  must, 
therefore,  be  admitted  that  at  present  no 
definite  synthetical  science  exists  which 
can  be  directly  applied  to  the  "  evolution 
of  machines." 

When  the  difficulties  in  the  way  of 
such  a  science  are  realized,  it  may,  per- 
haps, be  doubted  if  its  ultimate  evolu- 
tion be  possible.  Such  a  doubt  might, 
not  many  years  ago,  have  been  well  felt 
about  chemistry,  and  what  chemist  would 
have  been  led  by  the  highest  flight  of 
imagination  to  anticipate  a  tithe  of  the 
results  which  have  ensued  from  the  in- 
troduction of  chemical  notation,  applied 
to  carefully  collected  facts.  Organic 
chemistry,  before  that  event,  had  not  an 
existence,  and,  to  say  nothing  of  inorgan- 
ic chemistry,  what  human  brain  could 
carry  all  the  facts  necessary  for  further 
investigation,  if  a  descriptive  notation 
did  not  render  classification  upon  scien- 
tific principles  possible  ?  But,  beyond 
this,  the  most  important  results  have 
been  in  the  direction  of  synthesis  ;  and 
no  one  would  venture  to  assert  that  the 
building  up  of  such  complex  bodies  as 
indigo,  benzene,  or  even  of  acetic  acid, 
would,  in  all  probability,  ever  have  been 
made  without  the  aid  of  a  scientific  nota- 
tion. A  complete  synthetical  science  of 
machines  appears,  however,  to  present, 
in  some  respects,  greater  difficulties  than 
even  those  in  the  corresponding  branch 
of  chemistry.  Without  attempting  to 
institute  too  close  a  comparison,  it  may 
be  said  that  in  the  latter,  the  object  in 
view  is  the  building-up  of  a  body,  of 
which  the  parts  are  known  by  analysis, 
but  not  their  grouping  or  arrangement ; 
the  nature  of  these  groups,  and  the 
mode  of  re-forming  them,  have  to  be 
determined  by  careful  reasoning  and  ex- 
periment. In  the  machine  problem,  a 
result  has  to  be  obtained,  the  necessary 
parts  required  for  which,  as  well  as  their 
grouping  or  arrangement,  have  to  be 
determined.  And  this  we  have,  in  addi- 
tion to  mere  synthesis — the  selection 
and  determination  of  these  parts  in  the 
form  of  pairs  and  links,  as  well  as  their 
combination  into  definite  groups  or  ar- 
rangements, in  order  to  form  complete 
chains,  or  series  of  chains,  necessary  for 
the  constitution  of  the  complete  ma- 
chine. But,  beyond  even  this,  there  is 
the  selection  and  preparation  of  suitable 
materials  with  which  to  construct  these 


parts,  and  this  has  been  shown  to  form 
in  itself  a  matter  of  no  little  importance. 
In    spite  of  these  difficulties,  there  ap- 
pears to  be  no  reason  why,   at  any  rate, 
;  a  great  advance  should  not  be  made  on 
the  present  methods  of  machine  evolu- 
tion, for  it  must  be  pointed  out  that,  in 
one    respect,    the   machine    problem    is 
vastly  more  simple  than  the  chemical,  in 
that   we    can    combine   at   will    machine 
parts,  and  understand  their  mode  of  com- 
bination ;   whereas    we   have   no    certain 
physical  conception  of  the  nature   of  the 
molecular  combinations  which  result  in 
|  the  production  of  such  different  external 
i  forms.     Even  in  its  present  state,  how- 
ever,  much   might  be  done   by  a   more 
systematic  teaching   in   this   country  of 
I  the  science  of  machines  as  it  at  present 
;  exists.     At  this  point,  however,  the  vast 
|  results  already  attained  in  the  direction 
of  machine  development   may  occur   to 
I  you,  and  at  the  same  time,  the  nature  of 
the  methods — or,  rather,  want  of  meth- 
ods— of    previous     workers ;     and     the 
doubt  may  arise  as  to  the  need  of  such 
an  arduous  search  for  a  more  scientific 
treatment  of  the   question,  and   such   a 
careful  preliminary  study  of  the  subject. 
It  will,  therefore,  be  well,  in   conclusion, 
to  briefly  consider  this    question. 

The  respectful  admiration  with  which 
a  successful  inventor  is  regarded  has 
been  already  alluded  to,  aud  one,  in- 
deed perhaps  the  chief  reason,  has  been 
mentioned;  but  there  is  another,  and 
perhaps  equally  significant  one,  which  is 
that  the  lot  of  the  large  majority  of  in- 
ventors is  simply  failure.  The  statistics 
of  the  Patent- office  furnish  strikiug  testi- 
mony to  the  testimony  of  this.  The 
diagram  on  the  wall  represents  the 
curves  obtained  by  plotting  the  number 
of  applications  in  each  year  for  patents, 
since  the  important  act  of  1852.  The 
years  are  given  along  the  horizontal 
scale,  and  the  number  of  patents  applied 
for  and  proceeded  with  for  3,  7  and  14 
years,  are  shown  by  the  corresponding 
height  on  the  vertical  scale,  so  as  to 
give  the  different  curves.  The  curves  are 
partly  taken  from  the  Commissioners' 
.Report  of  1880,  and  filled  in,  as  far  as 
possible,  up  to  the  present  date  from 
data  kindly  supplied  by  Mr.  Lloyd  "Wise. 
The  point  to  be  first  observed  is  the  large 
number  of  applications  not  proceeded 
with,  and  the  great  drop  in  the  number 
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carried  on  after  three  years ;  lastly,  how 
small  a  portion  survive  the  seven  years' 
period.  Now,  the  greater  number  of 
these  patents  are  for  machines  or  me- 
chanical devices,  and  it  may  be  asked, 
why  all  this  failure?  which,  however, 
large  as  it  is,  only  illustrates  a  small 
proportion  of  the  non-success  of  workers 
at  new  and  improved  machines.  Some 
small  portion  of  it  is,  no  doubt,  due  to 
want  of  funds  to  carry  on  the  work,  but 
chiefly  it  arises  from  either  a  discovery 
of  want  of  novelty,  or  of  impracticability 
in  successful  execution  of  working,  or  of 
improved  methods  of  carrying  the  idea 
into  operation ;  that  is  to  say,  from  (1) 
ignorance  of  previous  achievements,  (2) 
or  of  principles,  (3)  or  of  practical  de- 
tails. 

1.  Every  day  makes  it  harder  to  keep 
abreast  with  the  multiplication  of  ma- 
chines ;  thus,  take  one  book,  and  that 
not  the  largest  on  the  subject,  viz., 
Knight's  "Dictionary  of  Mechanics,"  in 
which  are  nearly  4,000  pages  and  10,000 
engravings  of  inventions  which  are,  or 
have  been,  in  actual  use,  but  this  does 
not  represent  a  tithe  of  those  essayed 
and  found  to  fail.  Nearly  a  century  ago, 
Beckmann,  writing  of  the  invention  of  a 
machine  for  sowing  seed,  remarked, 
"  The  case  with  Laua  (the  inventor)  was 
the  same  as  with  many  ingenious  men 
who  possess  great  powers  of  invention, 
as  they  never  read,  but  only  think,  they 
are  unacquainted  with  what  others  have 
done  before  them,  and  therefore  consider 
every  idea  which  comes  into  their  minds 
as  anew  one;"  and  thus,  as  Sir  John 
Hawkshaw,  in  his  address  as  President 
of  the  British  Association,  remarked, 
"  Many  a  patient  investigator  has  puzzled 
his  brain  in  trying  to  solve  a  problem 
which  had  yielded  to  a  more  fortunate 
laborer  in  the  field  some  centuries  be- 
fore." But  if  Beckmann's  saying  had 
force  in  his  day,  when  the  number  of 
machines  was  so  few,  what  should  be  the 
reading  necessary  at  the  present  time  ? 
The  truth  is,  that  in  the  present  state  of 
the  literature  of  the  subject,  the  reading 
necessary  to  determine  what  has  been 
previously  done,  in  the  case  of  any  one 
special  class  of  machines,  or  very  often 
of  a  single  machine,  is  well  nigh  appall- 
ing, and  anyone,  for  instance,  who  had 
attempted  a  weary  search  among  the  pat- 
ent records,  would  testify  to  the  urgent 


need  of  a  more  scientific  treatment  and 
classification.  The  work  of  indexing  at 
present  being  carried  on  in  our  Patent- 
office  will  prove  a  great  boon  to  invent- 
ors, but  a  great  deal  more  might  result 
if  that  classification  could  be  made  on 
really  fundamental  principles,  such  as 
have  been  proposed  and  fruitfully  applied 
by  Reuleaux. 

2.  Ignorance  of  principles  is  another 
cause  of  failure.  Correct  principles  are 
not  by  any  means  of  necessity  intuitively 
grasped,  an  instance  of  which  fact  is 
given  in  the  case  of  George  Stephenson, 
than  whom  a  clearer-headed  man  or  bet- 
ter mechanic,  perhaps,  never  lived,  but 
who,  at  one  period  of  his  life,  spent  no 
little  time  in  the  attempt  to  make  a  per- 
petual motion  machine.  Even  those 
principles  which,  as  the  result  of  long 
experience,  have  been  handed  down  in 
the  form  of  apparently  simple  laws,  re- 
quire long  and  careful  study  for  their 
realization.  How  often  does  an  invent- 
or, possessed  by  one  idea,  go  round  and 
round  in  a  circle  in  the  endeavor  to  carry 
it  into  practice,  and,  like  a  mouse  in  a 
cage,  return,  after  a  cycle  of  attempts,  to 
the  original  designs,  sometimes  quite  un- 
conscious of  the  fact,  and  sometimes 
with  a  faint  hope  that  he  has  not  yet 
tried  it  in  quite  the  correct  way.  This 
may  lead,  and  sometimes  does  lead,  to 
discovery  and  a  successful  invention,  but 
is  far  more  often  the  mere  pursuit  after 
an  ignis  fattens  in  the  shape  of  an  im- 
practicable scheme.  A  better  acquaintance 
with  principles  might  prevent  this,  and 
it  needs  no  argument  to  prove  the  ad- 
vantage to  the  inventor  of  being  able  to 
clearly  realize  the  main  principles  upon 
which  he  intends  to  construct  a  machine, 
such  as  the  employment  of  a  given  chain, 
and  the  mere  variations  in  the  mode  of 
carrying  it  out  by  the  alteration,  such  as 
by  inversion  or  expansion,  of  certain 
pairs  of  elements  of  which  it  is  formed. 

3.  Again,  there  is  an  ignorance  of 
practical  details,  as,  for  instance,  of  the 
most  suitable  materials  and  mode  of  em- 
ploying them.  The  inventor  on  these 
points  often  calls  to  his  aid  the  practical 
man,  and,  if  his  idea  is  correct  in  princi- 
ple, he  may  thus  be  enabled  to  carry  it 
into  execution.  But  there  is  an  unsatis- 
factory aspect  to  even  this  course,  for  it 
may  be  that  the  principle,  though  correct 
in  itself,  requires  for  its  successful  car- 
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rying  out  conditions  which  the  so-called 
practical  man  is  not  very  likely  to  real- 
ize, at  any  rate  at  first.  This  is,  in  fact, 
the  important  subject  of  the  limits  im- 
posed by  the  materials  available,  and  this 
becomes  in  itself  a  scientific  question. 
Take,  as  an  example,  the  case  of  heat  en- 
gines. In  the  case  of  the  hot-air  engine, 
it  may  be  said  that  precisely  the  same 
chief  difficulties  exist  at  the  present  day 
which  led  to  the  rejection  of  the  Stirling 
engine  some  time  after  its  trial  in  1845, 
at  the  Dundee  Foundry.  The  limit  of 
power  was  due  to  the  limit  at  which  the 
vessels  could  be  heated ;  yet,  up  to  the 
present  time,  inventors  continue  to  try 
and  increase  the  power  of  this,  in  many 
respects,  admirable  motor,  by  different 
small  and  minor  alterations,  and  yet  have 
only  at  their  command,  and  so  can  only 
employ,  the  same  materials  as  were  used 
forty  years  ago.  The  late  lamented 
Chairman  of  the  Council  of  this  Society 
expressed,  some  three  years  ago,  as  his  j 
opinion,  that  the  gas  engine  was  in  the 
same  condition  as  was  the  steam  engine  j 
at  the  time  of  Xewcomen,  and  that  the  ! 
necessary  cooling  of  the  cylinder  caused 
a  loss  of  from  one-half  to  two-thirds  of ; 
the  total  heat  generated  ;  but  at  present 
this  heat  still  continues  to  be  thrown 
away,  notwithstanding  the  labors  of  in- 
numerable inventors,  simply  because  of  i 
the  working  limit  of  temperature  with 
the  available  materials  in  use.  To  this 
cause  also  must  be  traced  the  compara- 
tively small  increase  in  the  efficiency  of 
the  steam  engine  since  the  time  of  Watt. 
But  while,  on  one  hand,  the  fact  has  to 
be  clearly  realized  by  inventors  that  the 
limits  of  temperature,  strength,  and  the 
velocities  of  surface  contact  are  known 
and  have  to  be  reached,  yet  the  possi- 
bilities opened  to  them  by  an  advance, 
such  as  the  employment  of  the  electric 
current  or  of  the  use  of  steel,  affords 
fresh  ground  for  further  study  and  ad- 
vance. The  comprehension,  therefore, 
of  what  is  practicable  and  what  is  not  I 
becomes  of  the  highest  importance. 

Enough  has  been  said  to  show  that  a 
more  careful  treatment  of  the  whole  sci- 
ence of  machines  would  be  justified  from 
the  point  of  view  of  the  individual  in- 
ventor. The  great  advance  in  scientific 
instruction  in  the  country,  notably  under  j 
the  auspices  of  the  Science  and  Art  De- 
partment, but  also  in  schools  and  colleges, 


has  prepared  the  way  for  this.     But  still 
it  is  not  to  be  expected  that  all  inventors 

;  will,  in  the  future,  be  at  the  pains  to  ac- 
quire the  information  of  real  value  to 
them,  or  even  in  some  cases  be  more  pa- 
tient of  salutary  advice  than  formerly, 
from  the  outsider  who  sees  the  reason  of 
the  futile  attempt  to  escape  from  the  cage 

i  of  a  leading  idea.  Here,  however,  a  law 
which  has  special  application  to  biologi- 
cal development  holds  rigidly,  both  with 
respect  to  machines  and  their  inventors, 

|  and  a  process  of  natural  selection  as- 
suredly results  in  the  survival  of  the  fit- 

|  test. 

There  are  other  grounds  for  asserting 
that  machine  science  should  be  carried  to 

j  a  more  complete  state,  and  that  it  should 

!  be  more  applied  than  at  present,  and 
these,  did  time  permit,  might  be  profit- 

'  ably  discussed.     Thus,  it  may  be  found 

i  that,  just  as  from  the  International  Ex- 
hibition of  1851,  we  had   to  realize  the 

;  unpleasant  fact  of  Continental  superior- 

l  ity  in  the  production  of  many  machines, 
and  were  led  to  make  the  great  changes 
of  the  Patent  law  of  1852,  so  in  the  forth- 
coming International  Exhibition  it  may 
be  made  clear  that  the  more  systematic 
and  long-continued  instruction  in  ma- 
chine science  abroad  has  led  to  results 
which  may  stimulate  its  more  careful 
treatment  in  this  country.  Or,  again, 
much  might  be  said  about  the  present 
basis  and  grounds  of  the  examination  of 
patents  in  the  Patent  office.  From  the 
curves  of  applications  for  patents  already 
shown,  it  is  evident  that  though  the  num- 
ber has  been  steadily  rising  since  1852, 
yet  an  extraordinary  increase  has  taken 
place  since  first  January  last  year,  when 
the  new  Patent  law  came  into  force,  and 
up  to  the  present  date  the  number  prom- 
ises to  be  nearly  as  great  for  this  year. 
There  is  little  doubt  but  that  this  is 
greatly  owing  to  the  reduction  in  fees 
during  the  earlier  stages,  though  it  re- 
mains to  be  seen  what  proportion  will  be 
carried  through  the  periods  of  seven  and 
fourteen  years,  for  which  the  fees  remain 
the  same.  It  may,  however,  be  safely 
predicted  that  this  great  rise  will  contain 
even  a  smaller  proportion  of  surviving 
patents,  and  it  will  be  admitted  that  Sir 
Frederick  Bramwell  had  good  grounds 
for  not  wishing  the  fees  to  be  so  re- 
duced as  to  lead  to  an  abnormal  increase 
of  ill-considered   schemes.     It  is  certain 


162 


VAN  NOSTEAND7  S   ENGINEERING  MAGAZINE. 


that,  even  at  present,  the  difficulty  of  de- 
ciding whether  an  invention  is  new  will 
be  much  increased,  and  will  continue  to 
increase,  unless  some  more  scientific 
mode  is  adopted  of  determining  what 
really  constitutes  novelty  in  an  invention. 
The  evils  of  the  present  want  of  a  uni- 
versally-recognized scientific  basis  of  ex- 
amination is  even  more  strongly  felt  in 
applications  for  patents  in  various  foreign 
countries,  as  many  a  luckless  patentee 
knows  to  his  cost. 

To  sum  up  the  results  in  this  paper: 
An  attempt  has  been  made  to  show  that 
machine  development  has  followed  a 
definite  course,  and  has  obeyed  the  gen- 
eral law  of  progress  ;  that  the  science 
of  machines  is  likewise  following  this 
law,  but  at  present  must  be  regarded  as 
in  an  inchoate  stage ;  that  there  are 
strong  grounds  for  its  increased  study 
and  application  in  this  country,  and,  at 
the  same  time,  for  its  further  develop- 
ment. 

In  conclusion,  it  may  be  said,  the 
growth  of  knowledge  generally  has  re 
suited  in  laws  which  have  not  only 
brought  the  numberless  facts  within  our 
grasp,  but  have  led  to  further  progress. 
We  may  not  agree  with  Buckle  in  his 
fundamental  principle  as  applied  to  the 
history  of  civilization,  which  is,  that  "  the 
totality  of  human  actions  is  governed  by 
the  totality  of  human  knowledge ;"  but 
we  must  admit  that  the  totality  of  human 
inventions  is  so  governed.  Thus  we  feel 
that,  in  this  case,  the  words  of  Hermann 
Kopp,  in  speaking  of  the  science  of  chem- 
istry, and  quoted  by  Professor  Schor- 
lemmer,  apply  with  force : 

"  The  alchemists  worked  in  vain  ;  it  is 
not  in  our  power  to  appropriate  to  our- 
selves the  experiences  and  results  which 
the  future  alone  can  bring.  But  in  a  cer- 
tain sense  we  are  indeed  enabled  to  pro- 
long our  life  backwards  into  the  past,  by 
appropriating  the  experiences  of  those 
who  were  before  us,  and  by  becoming  ac- 
quainted with  their  views  as  thoroughly 
as  if  we  had  been  their  contemporaries. 
The  means  of  doing  this  is  also  an  elixir 
of  life." 

Thus  in  yet  one  more  respect  we  have 
a  feature  of  evolution  apparent.  Biolo- 
gists tell  us  that  each  animal  lives  in  one 
short  life  the  whole  course  of  develop- 
ment of  its  species.  So  must  the  inven- 
tor live  through  the  whole  progress  of 


the  special  machine  he  seeks  to  improve. 
He  may  do  this  by  repeating  the  painful 
experiences  of  former  workers,  or  he 
may  avail  himself  of  those  lessons  which 
their  failures  and  successes  have  taught. 
We  should  think  strangely  of  a  would-be 
explorer  who  refused  to  reach  the  real 
scene  of  his  labors  by  the  track  which, 
imperfect  and  toilsome  though  it  might 
be,  had,  in  its  mere  discovery,  cost  the 
life  labor  of  many  previous  travelers; 
and  who,  neglecting  to  avail  himself  of 
the  previous  experience  of  others,  pre- 
ferred to  fight  his  way  to  the  same  end 
through  thicket  and  jungle.  We  should 
scarcely  expect  him  to  ever  attain  that 
point  where  his  real  labors  should  com- 
mence. This  must  we  think,  too,  of  the 
inventor  who,  slighting  the  history  of  the 
past,  and  omitting  to  benefit  by  the  ex- 
periences of  the  previous  workers,  essays 
to  take  even  a  humble  share  in  the 
"  Evolution  of  Machines." 

DISCUSSION. 

Professor  Perry  said  one  was  naturally 
struck  on  going  on  board  a  large  ship 
like  the  Devastation  with  the  idea  that 
machines  were  getting  exceedingly  com- 
plicated, and  as  it  was  now  about  15  or 
16  years  since  he  had  made  such  a  visit, 
he  had  no  doubt  that  still  more  compli- 
cated machines  were  in  use  now.  Still, 
on  carefully  examining  the  machinery,  he 
found  he  could  understand  it.  For  in- 
stance, there  were  a  number  of  fans  for 
ventilating  the  ship,  and  collectively  they 
made  a  complicated  looking  piece  of  ap- 
paratus, though  the  parts  were  simple 
enough.  If  he  differed  in  opinion  from 
Professor  Shaw,  it  was  on  account  of  the 
different  meaning  which  he  attached  to 
the  word  "complicated."  To  consider 
the  culminating  example  of  the  engines 
of  the  Atlantic  liner  giving,  say,  10,000 
horse-power  to  the  propeller  shaft.  Now, 
consider  how  Watt,  100  years  ago,  would 
have  given  this  horse-power  to  a  shaft. 
If  he  had  been  asked  to  do  this,  he  could 
have  done  it,  and  he  would  probably  have 
pat  in  100  of  his  engines,  filling  the  ship 
with  machinery.  It  was  also  quite  within 
his  powers  to  have  arrangements  which 
would  enable  all  his  100  engines  to  stop 
or  reverse  at  the  same  time,  and  instead 
of  the  100,000  parts  of  existing  engines, 
he  would  probably  have  used  in  all  his 
engines  and  boilers  ten  times  the  total 
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number  of  rivets  and  nuts  and  other 
pieces.  In  fact,  to  give  10,000  horse- 
power to  a  shaft  in  Watt's  days  would 
have  needed  machinery  much  more  com- 
plicated than  the  machinery  in  use  at  the 
present  day.  Professor  Perry  contended 
that  it  was  on  account  of  the  complicated 
nature  of  the  known  machinery  necessary, 
that  large  steamships  were  not  driven 
across  the  Atlantic  sixty  years  ago,  and 
that  it  was  the  simplification  of  construc- 
tion of  steam  engines  which  had  enabled 
huge  Atlantic  liDers  to  be  workable.  Al- 
though, no  doubt,  there  was  a  law  of 
evolution  in  machinery,  it  would  be  rather 
rash  to  conclude  that  they  knew  what 
that  law  was.  It  was  all  very  well  to  tell 
inventors  of  gas-engines  that  there  was 
no  hope  of  getting  much  greater  effi- 
ciency than  had  yet  been  attained,  but 
they  knew  that  a  great  deal  had  been 
done  in  the  past,  and  he  believed  that  if 
people  went  on  hammering  their  heads 
long  enough  against  this  wrall  of  the  ma- 
terials not  being  useable  at  very  high 
temperatures,  they  would  discover  new 
materials,  or  some  way  of  getting  round 
the  difficulty.  It  was  said  that  by  Tay- 
lor's theorem,  if  you  knew  the  complete 
motion  of  a  particle,  its  exact  position  in 
space,  its  velocity,  acceleration,  and  a  va- 
riety of  other  things,  all  included  in  an 
exact  knowledge  of  its  present  state, 
you  could  prophecy  the  position  of  that 
particle  millions  of  years  hence,  and  tell 
what  its  condition  was  millions  of  years 
ago ;  and  it  semed  to  follow  certainly, 
from  the  theorem,  that  you  could  do  so. 
In  the  same  way.  if  they  knew  the  law  of 
the  evolution  of  machines',  as  some  high- 
er beings  might  know  it,  they  might  be 
able  to  say  what  machines  would  come 
to  a  few  million  years  hence.  But  they 
did  not  know  the  law  of  the  evolution  of 
machines ;  they  knew  very  little  of  it. 
The  country  of  Erehwon  would  probably 
be  known  to  most  of  the  audience  who 
could  spell  backwards,  and  there  the 
people  thought  they  knew  the  law  of  the 
evolution  of  machines  exceedingly  well ; 
they  saw  machines  getting  more  and 
more  powerful,  and  men  getting  more 
and  more  the  slaves  of  machines,  which 
were  becoming  more  and  more  automatic, 
and  more  and  more  capable  of  self-pro- 
duction, so  that  after  a  time  they  feared 
there  would  be  no  room  left  for  human 
beings  on  earth,  except  as  parasites,  and 


so  they  broke  up  the  machines,  and  when 

the   great   traveler  who    discovered    the 

j  country  visited  them,  he  found  they  were 

l  using  very  common  implements,  the  fields 

|  produced  very  little  wheat,  and  they  were 

j  not  surrounded  with  very  many  comforts. 

All  this  evil  proceeded  from  their  having 

the  notion  that   they  knew  a  great  deal 

about  the  evolution   of  machines. 

Professor  Hughes,  F.R.S.,  thought  all 
must    agree   in  the   main  points  of   the 
theory  which   Professor  Shaw   had   put 
forward,  because  he  had  shown  the  evolu- 
tion of  these  machines,  but  he  had  not 
shown  the  failures,  and  he  could  not  say 
|  that  these  stepping    stones    showed  ex- 
|  actly  the  law.     It  was  certainly  a  great 
thing  to  know  what  had  been   done,  but 
great  things  had  been  done  by  men  who 
I  really  knew  nothing   of  what   had  been 
!  done,  and  which  never  would  have  been 
;  done  had  they  known  it.     Take  for  in- 
|  stance  the  telephone,  all  scientific  men 
;  would  have  pronounced  it  to  be  perfectly 
:  impossible ;    and  if   Professor   Bell  had 
;  passed  his  life  in  studying  the  science  of 
telegraphy,  he  never  would  have  invented 
it.     There  was,  therefore,  a  good  deal  to 
]  be  said  on  both  sides  of  the  question. 

Mr.  Hiram   Maxim  then    described  at 
!  some  length  the  construction,  and  showed 
I  the  mode  of    working   his   patent    gun. 
|  He  said  the  complication   to  which  the 
reader  of  the  paper  had  alluded  was  not  a 
I  necessary  part  of  the  gun  ;  it  might  have 
been  made  to  load  and  fire  itself  without 
so  much  complication  ;  but  these  compli- 
cations were  introduced  in  order  to  allow 
i  of  the  magazine  for  the  cartridges  being 
;  placed  under  the  gun  instead  of  over  it, 
where  it  was  more  exposed,   and  of  its 
continuing  to  fire  automatically  with  no 
attention  beyond  that  of  one  man  who 
directed  the  fire.     Some  other  guns  re- 
quired two  men  to  put  the  cartridges  in 
at  the  top,  and  one  to  turn  the  crank  for 
firing,  and  another  to  turn  the  gun  about, 
which  made  the  motion   veiw  slow,  the 
cartridges  falling  into  their  place  by  the 
action  of  gravity.     In  this  gun  they  were 
arranged  in  a  belt  from  which  they  were 
taken   one  by  one,  and  a  belt  might  be 
made  to   hold   2,000  if  necessary.      The 
speed  was  adjustable  by  the  trigger,  and 
could  be  made  as  high  as  600  per  minute. 
The  gun  could  be  adjusted  so  as  to  have 
a   horizontal  fixed    range    between    two 
points,  and   thus,  if  works  destroyed  in 
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the  day  were  repaired  by  the  enemy  in 
the  night,  the  bearings  and  levels  could 
be  taken  in  the  day  time,  and  fixed,  and 
at  night  the  gun  could  be  kept  firing  be- 
tween these  two  points  all  night,  by 
simply  a  boy  to  move  it  slowly  from  side 
to  side ;  and  he  should  not  be  surprised 
to  find  that  the  boy,  like  the  one  they 
had  heard  of,  had  devised  some  plan  for 
making  the  gun  do  this  automatically. 
There  was  such  beautiful  adjustment  in 
every  direction,  that  you  could  easily 
write  your  name  on  a  screen  with  it. 
Having  described  the  means  by  which  the 
recoil  from  each  shot  was  utilized  to  ex- 
tract the  empty  cartridge  case,  Mr.  Maxim 
concluded  by  saying  that  when  once  put 
into  work,  the  gun  would  go  on  firing,  if 
desired,  until  the  man  who  paid  for  the 
cartridges  was  in  a  hopeless  state  of 
bankruptcy. 

The  Chairman,  Sir  Frederick  Bram- 
well,  said  he  gathered  from  the  paper 
that  Mr.  Hele  Shaw's  notion  was  that 
the  evolution  of  machinery  tended  to 
complexity,  and  that  did  not  seem  very 
unnatural.  As  time  went  on,  persons 
found  that  devices  which  they  thought 
would  not  work,  and  would  get  out  of 
order,  would  work,  and  could  be  trusted ; 
they  then  thought  if  they  could  trust  one, 
they  could  trust  two,  and  so  they  used 
two  instead  of  one,  with  the  result  that 
certain  functions  which  had  formerly 
been  performed  by  humanity  might  be 
performed  by  apparatus.  Therefore,  ow- 
ing to  improvements  not  only  in  mate- 
rial, but  also  in  workmanship,  machinery 
became  more  trustworthy,  and,  as  a 
consequence,  more  complicated,  and 
greater  benefits  were  derived  from  it. 
He  had  been  much  interested  in  the  two 
early  lathes  which  had  been  shown,  one 
where  the  operator  held  the  tool  down 
with  his  toe,  as  he  had  often  seen  done 
in  Cairo,  and  the  other,  the  old  pole- 
lathe,  the  implement  on  which  he  first 
learned  to  turn.  He  was  sorry  to  hear 
Mr.  Shaw  treat  the  attempt  to  make  a 
rotary  steam-engine  as  a  retrograde  move- 
ment. In  his  judgment  it  was  a  reproach 
to  mechanics  that  they  had  to  begin 
with  a  reciprocating  movement  when 
they  wanted  to  end  with  a  rotative  one  ; 
and  he  could  not  help  thinking  that  those 
who,  time  after  time,  attempted  to  solve 
this  problem  were  deserving  of  their 
thanks.      He   agreed   very    much    with 


Professor  Perry,  that  there  was  a  good 
deal  to  be  said  on  both  sides  of  the 
question  whether  inventors  ought  to 
know  everything  which  had  gone  before ; 
and  with  Professor  Hughes,  that  no  one 
who  had  been  familiar  with  the  science 
of  electricity  would  ever  have  dared  to 
think  about  the  telephone.  Again,  to 
call  to  mind  the  wonderful  boot- sewings 
machine  of  Blake,  which  it  was  agreed 
on  all  hands  the  inventor  never  would 
have  invented  had  he  known  anything 
about  boot-making.  No  doubt  there  was 
considerable  danger,  when  a  man  studied 
all  that  had  gone  before,  that  his  mind 
would  get  into  a  groove,  and  thus  he 
would  not  make  really  substantive  inven- 
tions. When  speaking  on  the  Patent 
laws,  he  had  often  pointed  out  that  a  very 
favorite  suggestion  of  the  opponents  of 
such  laws,  that  there  was  no  need  for 
them  because  the  inventor  would  be  re- 
warded by  making  the  thing  he  invented 
and  selling  it,  was  a  fallacy,  inasmuch  as 
very  often  the  man  who  had  made  sub- 
stantive inventions  had  been  wholly  un- 
connected with  the  trade  to  which  they 
referred,  and  was,  therefore,  incapable  of 
competing  commercially  with  those  in 
the  trade.  This  being  so,  he  was  in- 
clined to  doubt  the  soundness  of  the  sug- 
gestion that  all  persons,  before  begin- 
ning an  invention,  should  know  every- 
thing that  had  gone  before.  In  the 
conclusion  of  the  paper,  comment  was 
made  on  the  large  number  of  patents 
applied  for,  in  comparison  with  those' 
which  were  completed.  He,  for  one, 
was  very  glad  to  see  that  difference,  be- 
cause it  represented  the  value  which 
they  had  contended  so  much  for  in  all 
these  patent  questions — the  time  of  the 
provisional  protection  giving  the  patentee 
time  to  experiment  and  make  inquiry. 
By  that  means  he  found  out  that  he  was 
wrong,  that  the  thing  would  not  do,  that 
it  was  not  novel,  or  that  for  some  other 
reason  the  thing  could  not  be  gone  on 
with,  and  in  that  way  the  full  benefit  was 
secured,  both  to  the  inventor  and  the 
public.  He  looked  on  the  number  of 
abandoned  patents  as  by  no  means  a 
thing  to  be  deplored,  but  as  an  evidence 
of  the  care  and  forethought  exercised  by 
inventors  before  going  on  to  complete 
their  patents. 

Professor    Hele    Shaw   said  the   first; 
three  speakers  had  almost  entirely  cor- 
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roborated,  at  any  rate,  the  tenor  of  his 
remarks.  He  had  not  been  able  to  de- 
velop his  ideas  completely,  for  when  he 
came  to  write  the  paper,  he  found  that 
the  subject  really  required  a  book,  and 
he  had  to  leave  off  where  he  should  have 
liked  to  begin.  He  believed  the  general 
theory  of  evolution  did  hold  good  with 
regard  to  machines,  and  when  Professor 
Perry  said  he  did  at  last  understand  the 
machinery  of  a  large  ship,  what  more 
striking  proof  of  the  truth  of  his  views 
could  be  desired.  Again,  the  same  thing 
occurred  when  Mr.  Maxim  explained  why 
he  had  been  led  to  complicate  his  gun, 
namely,  to  make  it  a  more  efficient  ma- 
chine. When  he  used  the  term  complex- 
ity, it  did  not  necessarily  mean  the  addi- 
tion of  parts  which  would  get  out  of 
order,  but  that  with  the  progress  and 
development  of  the  manufacturer's  arts, 
increased  complexity  would  be  a  synonym 
for  the  increased  certainty  of  action,  as 
had  been  the  case  with  many  machines. 
With  reference  to  Professor  Hughes'  re- 
marks, he  might  say  that  he  had  already 
quoted  Herbert  Spencer's  words,  show- 
ing that  progress  was  the  differential 
result  of  a  periodicity  of  action  and  re- 
action, of  backward  and  forward  motion. 
With  regard  to  the  rotary  engine,  he  be- 
lieved that  there  was  now  a  successful 
one  at  work,  the  Tower  spherical  engine, 
which  was  a  marvelous  piece  of  mechan- 
ism. He  was  referring  not  to  the  effort 
to  make  a  rotary  engine,  but  to  the  way 
in  which  those  efforts  had  been  made, 
through  ignorance  of  the  principles  ap- 


plicable, one  after  another  having  gone 
on  in  the  same  hopeless  way,  until  Mr. 
Tower  had  struck  out  a  new  line.  This 
had  resulted  in  a  motor  which  though 
externally  it  looked  very  simple  was 
really  anything  but  this,  and  required 
elaborate  arrangements,  and  no  less  than 
thirty-two  figures  to  completely  explain 
its  action  and  various  parts.  There  was 
such  a  thing  as  degeneration  in  ma- 
chines ;  such  a  thing  as  machines  made 
for  a  higher  purpose  having  for  certain 
reasons  to  submit  to  the  process  of  de- 
generation. The  locomotive,  vast  though 
its  influence  on  civilization  had  been,  as  a 
type  of  an  efficient  motor,  and  regard 
simply  being  had  to  its  maximum  effi- 
ciency, had  certainly  degenerated  from 
the  condensing  engine  of  Watt.  He  had 
not  been  driving  a  pet  theory,  but  simply 
calling  attention  to  what  he  believed  a 
general  law  of  progress  in  machines.  He 
had  not  been  quite  understood  with  ref- 
erence to  the  line  on  the  curve  of  appli- 
cation for  patents,  which  showed  not 
only  how  many  never  reached  comple- 
tion, but  also  the  immense  increase  in 
|  inventions,  and  this  he  had  endeavored 
I  to  show  was  clearly  tending  to  the  abso- 
j  lute  necessity  for  a  more  scientific  classi- 
fication than  at  present  adopted.  A 
great  many  men  spent  hundreds  or 
thousands  of  pounds  for  want  of  knowl- 
I  edge :  it  was  the  knowledge  of  that  kind 
|  he  was  advocating ;  not  the  knowledge 
which  would  prevent  them  going  fur- 
ther, which  was  simply  that  little  knowl- 
edge which  was  a  dangerous  thing. 


CHIMNEY  CONSTRUCTION. 

By   R.    M.    BANCROFT   and   F.    J.    BANCROFT. 
Papers  of  the  Civil  and  Mechanical  Engineers'  Society. 


Since  the  reading  of  the  paper  on  the 
same  subject  by  Mr.  R.  M.  Bancroft,  read 
in  January,  1878,  numerous  inquiries  have 
been  received  on  the  subject  from  all 
parts  of  the  United  Kingdom  and  Ameri- 
ca, owing  to  the  interest  and  importance 
of  the  subject,  and  in  consequence  of 
these  inquiries,  they  had  been  led  to  con- 
tinue their  investigations  in  this  branch 
of  architectural  and  engineering  construc- 
tion. 


Chimneys  are  constructed  principally 
for  two  purj)oses, — firstly,  to  create  the 
necessary  draught  for  the  combustion  of 
fuel;  secondly,  to  convey  the  noxious 
gases  to  such  a  height  that  they  shall  be 
so  intermingled  with  the  atmosphere  as 
not  to  be  injurious  to  the  health  of  the 
neighborhood. 

A  chimney-shaft  when  in  work  contains 
a  tall  column  of  heated  air,  which,  being 
lighter  than   the  outside  atmosphere,  is 
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forced  up  by  a  corresponding  column 
of  atmospheric  air  pressing  into  the 
entrance  of  the  furnace ;  thus  a  dis- 
placement of  hot  air  is  constantly 
being  effected,  and  its  place  filled  by 
normal  air  forcing  itself  through  the 
furnace  of  the  boiler,  which  in  its  turn  is 
heated  and  displaced.  The  column  of 
atmospheric  air  and  the  column  of  rare- 
fied air  in  the  chimney  are  somewhat  like 
a  pair  of  scales,  or  the  two  ends  of  a  lever 
of  which  the  boiler  is  the  fulcrum. 

Foundations. — In  building  large  chim- 
neys one  of  the  most  important  points  is 
the  construction  of  the  foundation.  Very 
much  will  depend,  of  course,  upon  the 
nature  of  the  ground.  When  we  are  on 
solid  rock,  it  is  only  necessary  to  excavate 
to  such  a  depth  that  the  heat  of  the  gases 
will  not  materially  affect  the  natural  stone, 
and  to  a  depth  sufficient  to  allow  the  nec- 
essary spreading  of  the  base.  In  many 
instances,  however,  chimney  stacks  have 
to  be  built  near  rivers  and  on  sites  where 
the  upper  strata  are  of  alluvial  clay  or 
made  ground,  and  it  is  necessary  to  carry 
the  foundation  deep  down  until  a  stiff 
clay,  hard  smd,  or  rock  bottom  is  reached. 
This  frequently  entails  excavation  25  feet 
or  30  feet  deep,  or  even  more,  and  it  is 
not  only  requisite  that  the  foundation 
should  be  large  enough  to  carry  the  su- 
perincumbent weight,  but  also  that  it 
should  be  of  such  an  area  that  it  will  not 
allow  the  base  to  be  forced  into  the  yield- 
ing ground.  These  deep  foundations  are 
usually  constructed  of  concrete.  In  some 
cases  piles  are  driven  in  to  form  the  foun- 
dation, as,  among  others,  in  a  brick  chim- 
ney erected  at  Boston,  and  in  an  iron  chim- 
ney constructed  at  Ohio.  This  is  a  meas- 
ure on  which  the  engineers  must  decide 
upon  the  advisability  of  using  it,  so  as  to 
economize  material  without  risking  un- 
equal subsidence,  which  cannot  be  too 
carefully  guarded  against;  and,  in  fact, 
it  is  the  practice  in  the  erection  of  tall 
stacks  to  construct  the  foundation  and 
pedestal,  if  any,  and  allow  them  to  stand 
some  considerable  time  before  proceeding 
with  the  shaft  proper,  in  order  that  the 
work  may  set  and  any  slight  settling  take 
place  before  a  great  weight  is  built  upon 
it.  As  a  remarkable  instance  of  the  gen- 
eral settlement  of  the  foundation  of  a 
shaft,  we  may  mention  a  chimney  which 
was  built  by  Mr.  Clegg,  at  Fulham,  over 
a  quicksand  in  which  an  iron  rod  sank 


to  a  depth  of  15  feet  with  little  more 
than  its  own  weight  as  pressure.  During 
the  erection,  the  concrete  foundation  sank 
bodily  1  foot  4-J  inches  without  cracking 
the  shaft  or  causing  it  to  deviate  from  the 
perpendicular.  From  this  it  will  naturally 
follow  that  in  all  cases  the  ground  at  the 
foundation  should  be  equally  resistant,  or 
unequal  settling  will  take  place,  as  in  the 
disastrous  case  of  the  Newlands  Mill 
chimney,  Bradford.  Some  of  the  press- 
ures exerted  upon  the  foundation  are 
given  under  the  respective  descriptions  of 
the  chimneys. 

Copings  and  Cornices.  —  The  stone 
coping  or  cornice  of  a  chimney  will  seldom 
require  more  to  hold  it  together  than  two 
good  cramps  across  each  joint;  they 
should  be  of  copper,  or  double- dovetailed 
slate  dowels.  On  no  account  should  iron 
cramps  be  used,  as  they  will  oxidize  and 
burst  the  stone.  Heavy  and  large  caps 
are  often  the  source  of  great  danger,  in- 
convenience, and  expense,  as  the  cap  at 
top  in  a  gale  of  wind  acts  upon  the  shaft 
as  a  weight  at  the  end  of  a  long  lever. 
The  cap  when  finished  should  be  a  com- 
plete whole,  or  so  bound  together  that 
the  joints  cannot  open,  and  be  so  propor- 
tioned that  its  center  of  gravity  is  within 
the  outer  circle  of  the  shaft  on  which  it 
rests,  and  it  should  be  designed  so  that 
the  wind  striking  against  it  is  deflected 
upwards. 

Bond. — In  large  factory  chimney- shafts 
the  longitudinal  tenacity  which  resists 
any  force  tending  to  split  the  chimney  is 
of  more  importance  than  the  transverse 
tenacity,  therefore,  in  these  structures,  it 
is  advisable  to  have,  say,  three  or  four 
courses  of  stretchers  to  one  course  of 
headers.  In  some  circular  stacks,  a  uni- 
form header-bond  for  the  outside  courses 
of  brickwork  is  adopted.  This  is  a  prac- 
tice condemned  by  some  authorities. 

Wind  Pressure. — It  is  usual  in  this 
country  to  estimate,  as  the  maximum 
pressure,  55  lbs.  per  square  foot,  but,  as 
in  1868  the  pressure  of  wind  at  Liverpool 
was  registered  at  nearly  80  lbs.  per  square 
foot,  it  is  advisable  to  take  a  higher  factor. 
If  the  wind-pressure  on  a  square  chimney 

be  taken  as 1 

that  on  an  hexagonal  chimney  may  be 

taken  as 0 .  75 

that  on  an  octagonal  chimney  may  be 

taken  as 0 .  65 

that  on    a    circular    chimney  may  be 

taken  as 5 
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Wrought- Iron    Chimneys. — Wrought- 
iron   shafts  "have   found   great   favor  in  j 
America  and  Russia,  but  in  England  and  I 
the  continent  generally,  as  far  as  we  have  | 
been   able  to   ascertain,  they  are  an  ex-  i 
ception.      In    addition    to   the  wrought- 
iron  shafts    detailed  in  this    paper,  we 
have   been  informed  of  the  following : — | 
Messrs.  Witherow  &    Gordon,   of   Pitts- ! 
burgh,    Pennsylvania,    have    since    1876 1 
built    upwards    of    thirty   wrought-iron  j 
shafts,  varying  in  height  from  100  feet 
to  190  feet,  and  from   5  feet  to   9  feet 
in    diameter.      The   finn   write   us   that 
these  shafts  answer  admirably  the  pur- 
pose for  which  they  were  built.     Mr.  L. 
S.  Bent,  Superintendent  of  the  Pennsyl- 
vania Steel  Company,  Steelton,  Pennsyl- 
vania, states  that  his  company  have  the 
following   eight   wrought-iron    shafts   in 
use,  and  have  found  them  both  durable 
an^teconomical : 

No.  1, 170  ft.  high,  6  ft.  6  in.  diameter,  built  '81 
No.  1,165      "  6  ft.  6  in.  "  '77 

No.  1.135      "         7  ft.  0  in.  "  '80 

No.  1,112      "  6  ft.  0  in.  "  '81 

No.  4, 110      "         7  ft.  0  in.  "  6974-5-6 

They  are  lined  for  30  feet  with  9-inch  fire- 
brick, and  the  remainder  of  height  with 
4  inch  red  brick.  The  Ravensdale  Iron- 
works Chimney-shaft,  Tunstall  (Messrs. 
Robt.  Heath  &  Sons),  is  a  circular  wrought- 
iron  shaft,  not  spread  at  its  base.  Its 
height  from  ground-line  to  top  is  75  feet ; 
outside  measurement  at  ground  surface, 
diameter  6  feet ;  ditto  at  top,  diameter  6 
feet.  Seventy-five  wrought-iron  plates 
were  used  in  the  construction  of  this 
shaft,  the  thickness  being  £  inch.  The 
plates  have  a  lap  of  2£  inches,  and  are 
riveted  together  with  f-inch  cup-headed 
rivets.  The  shaft  is  lined  its  entire  height 
with  fire-brick.  The  shaft  carries  off  the 
fumes  from  three  boilers.  The  wrought- 
iron  chimney  of  Messrs.  Francis  &  Co., 
of  the  Nine  Elms  Cement  Works,  Cliffe 
Creek,  Rochester,  was  erected  in  1878. 
It  was  designed  by  Mr.  Y.  de  Michelle, 
C.  E.,  and  constructed  by  Messrs.  Field- 
ing &  Piatt,  Gloucester.  The  shaft  is 
circular,  and  parallel  throughout,  and  is 
constructed  of  wrought-iron  plates.  The 
plates  vary  in  thickness  downwards  from 
i  to  f  inch.  Its  height  from  ground- 
level  to  top  is  160  feet ;  external  diameter 
throughout,  5  feet ;  internal  diameter 
throughout,  4  feet  6  inches.  It  is  lined 
with    3-inch  firebrick   its   entire    height. 


The  chimney  is  stayed  against  the  wind 
by  four  3f-inch  steel  guy  ropes.  This 
chimney  was  erected  over  the  center  one 
of  a  row  of  nine  cement  kilns,  which  are 
all  connected  to  shaft  by  a  wrought-iron 
horizontal  flue  4  feet  in  diameter.  Two 
additional  ones  have  since  been  added, 
and  the  chimney  now  carries  off  the  gases 
from  eleven  cement  kilns.  Round  the 
outside  of  center  kiln  on  the  ground  level 
is  fixed  a  cast-iron  curb  or  base-plate.  On 
this  base  stand  four  cast-iron  standards 
or  supports,  having  their  lower  ends  but- 
ting on  to  and  secured  to  base-plate.  The 
standards  incline  inwards  until  their  up- 
per ends  meet  to  support  a  cast-iron  cir- 
cular chimney-base  which  forms  the  top 
of  the  center  kiln.  The  wrought  iron 
chimney  proper  commences  from  top  of 
this  circular  cast-iron  base,  directly  over 
which  the  4  feet  horizontal  flue  is  con- 
nected to  shaft.  For  the  construction  of 
this  chimney  a  timber  stage  was  erected 
at  the  level  of  the  kiln  tops,  and  upon 
this  stood  the  rivet  fires.  Four  winches 
were  worked  on  this  stage,  and  to  them 
were  led  guy  ropes,  after  passing  round 
blocks  at  convenient  distances.  A  hy- 
draulic press,  with  a  4-foot  stroke,  was 
then  fixed  over  the  center  kiln,  and  the 
top  length  of  20  feet,  which  had  previ- 
ously been  riveted-up  on  the  ground,  and 
raised  to  the  stage  level,  was  placed  upon 
the  ram.  The  ram  was  then  pumped  up, 
and  the  20-foot  length  raised  a  height  of 
4  feet,  the  guy-ropes  being  slackened  out 
to  the  quired  extent,  as  the  20  foot  length 
gradually  rose.  A  4-foot  ring  of  plating 
was  then  riveted  on  with  f -inch  snap-head 
rivets  and  the  usual  lap,  the  ram  was  then 
again  pumped  up,  and  the  now  24-foot 
length  raised  the  necessary  height;  an- 
other ring  of  plates  was  then  riveted  on, 
and  the  operation  repeated,  until  the  chim- 
ney had  reached  its  required  altitude. 
The  cost  of  this  chimney  was  about  £1,000, 
including  long  wrought-iron  flues. 

Messrs.  Wesen field  &  CoSs  Chimney, 
Chemical  Factory,  Barmen  Prussia. — 
This  has  a  square  brick  pedestal  and  an 
octagonal  brick  shaft.  Its  total  height 
from  foundation  to  top  is  345  ft. ;  height 
jfrom  ground  line  to  top,  331  ft.  The 
pedestal  is  20  ft.  sq.  by  40  ft.  high  by  7 
bricks  (equal  to  5  ft.  3  in.)  thick.  The 
octagonal  shaft  is  291  ft.  high,  17  ft.  out- 
side diameter  at  the  base  by  5  bricks 
(equal  to  3  ft.  9  in.)  thick ;  11  ft.  outside 
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diameter  at  the  top  by  2  bricks  (equal  to 
1  ft.  6  in.)  thick.  The  shaft  diminishes 
2^  in.  every  10  ft.  in  height,  or  1  in  48. 
The  interDal  octagonal  clearance  is  8  ft. 
throughout.  The  foundation  is  on  a  bed 
of  hard  and  coarse  gravel,  and  made  of 
large  flat  quarry  stones  bedded  with 
•"  terrass"  mortar  in  the  proportions  of  1 
lime,  1  river  sand,  and  1  "  terrass"  (a  kind 
of  pozzuolana).  The  pressure  on  the 
lowest  part  of  chimney  proper  is  equal  to 
21,335  lbs.,  or  9-|  tons,  per  square  ft.  The 
pedestal  and  shaft  were  built  with  bricks 
.and  ordinary  mortar,  composed  of  1  of 
lime  to  2  of  river  sand,  prepared  every 
morning  by  the  masons  themselves.  On 
rainy  days  cement  mortar  was  used  in  the 
proportion  of  1  cement  to  2  river  sand. 
The  courses  of  brick  were  flushed  up  with 
cement  as  construction  proceeded.  The 
crown  of  the  shaft  was  built  with  cement 
exclusively.  The  foundation  and  pedes- 
tal were  built  in  the  summer  of  1867, 
and  the  chimney  was  successfully  com- 
pleted in  October  of  the  same  year.  Ac- 
cording to  the  original  design,  it  was  in- 
tended to  build  to  a  height  of  260  ft.,  but, 
as  the  erection  was  proceeding  in  a  very 
satisfactory  manner,  it  was  considered 
safe  to  increase  the  height  without  alter- 
ing the  dimensions  of  the  base.  But  be- 
fore doing  so,  a  comparison  was  made 
between  the  pressure  on  the  foundations 
of  this  chimney  and  the  pressure  on  the 
foundations  of  a  chimney  erected  at  Boc- 
hum,  Prussia.     These  were  found  to  be 

as  follows :  — 

Lowest  part  of  chimney  proper. 
Press,  per  Press,  per 
sq.  ft.         sq   in. 
lbs.  lbs. 

Chimney  at  Barmen,  Prussia. .  21,335    149 
Chimney  at  Bochum,  Prussia. .  18,429    128 

Excess  of  pressure  on  Barmen 

chimney  foundation 2,906      21 

The  three  masons  who  constructed  the 
chimney  daily  changed  their  positions,  so 
as  to  equalize  any  unevenness  in  their  re- 
spective laying.  Every  fifty  feet  a  course 
of  brickwork  was  painted  black  so  as  to 
indicate  the  height  of  any  point  of  the 
chimney  above  ground.  The  chimney 
was  built  from  the  inside.  The  materials 
were  hoisted  by  a  steam  engine  erected 
temporarily  near  the  place  of  construc- 
tion. The  frame  which  supported 
the  upper  drum  over  which  the  chain 
worked  was  moved  higher  after  the  com- 
pletion of  every  three  or   four  courses, 


and  was  at  the  same  time  turned  horizon- 
tally from  one  side  of  the  octagon  to  the 
next  one,  so  as  to  equalize  the  press- 
ure of  the  frame  on  the  masonry.  The 
holes  made  into  the  masonry  to  support 
the  frame  were  filled  up  with  bricks  and 
mortar  immediately  after  the  removal  of 
the  frame  to  a  higher  level.  The  chim- 
ney, when  completed  (Oct.  1867),  was 
vertical.  In  the  Spring  of  1868,  remark- 
able for  storms  and  long-continued  gales, 
this  stalk  inclined  towards  the  north- 
east by  the  action  of  the  south-west  wind, 
probably  aided  by  the  softness  of  the 
mortar  and  the  large  size  and  shape  of 
the  ornamented  chimney  crown,  which 
caught  the  wind  and  acted  as  on  a  long 
lever.  The  deflection  was  considerable 
at  the  end  of  May,  and  apparently  in- 
creased. As  before  mentioned,  layers  of 
bricks  in  the  shaft  at  distances  of  fifty 
feet  from  each  other  were  painted  black. 
The  height  of  these  black  lines  above  the 
pedestal  being  known,  they  were,  by 
means  of  a  theodolite,  projected  on  a 
board  which  was  fixed  on  the  pedestal, 
and  these  projections  showed  that  at 

251  ft.  high  the  chimney  was  out  of  plumb  45  in. 
210  "  "  "  "     30  " 

160  "  "  «  "     16  " 

110  "  "  "  "       5  " 

The  pedestal  stood  perpendicular.  As 
the  canting  of  the  shaft  was  still  increas- 
ing, immediate  action  had  to  be  taken. 
The  ordinary  method  of  straightening 
chimneys  was  at  first  resorted  to.  A 
hole  was  made  through  the  whole  thick- 
ness of  the  masonry  on  the  side  of  the 
chimney  which  required  a  lowering,  at  a 
distance  of  4  ft.  above  the  top  of  the 
pedestal ;  into  this  hole  a  saw  was  passed, 
and  an  attempt  was  made  to  cut  through 
one-half  of  the  shaft,  but  owing  to  the 
thickness  of  the  wall  and  the  hardness 
of  the  bricks,  the  saw  could  only  be 
worked  from  one  end,  and  the  effect  of 
sawing  after  two  hours'  work  was  almost 
nil.  The  hole  through  the  stalk  having 
been  made  with  little  trouble,  and  the 
difficulty  experienced  in  sawing,  led  to  the 
idea  of  removing  a  course  of  bricks  and 
replacing  it  by  a  thinner  one.  Before 
the  work  was  proceeded  with,  an  experi- 
ment was  made  on  an  old  inclined  shaft 
120  ft.  high.  This  proving  successful, 
it  was  determined  to  treat  the  new  chim- 
ney in  the  same  way.  A  layer  of  bricks 
was  broken   out    by   means   of  pointed 
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cast- steel  bars,  varying  from  1  ft.  6  in.  to 
5  ft.  in  length.  The  first  division  re- 
moved was  in  the  middle  of  one  of  the 
octagonal  faces.  When  division  1  was 
broken  out  it  was  replaced  by  thinner 
bricks  covered  with  "  terrass  "  mortar. 
After  this,  two  divisions,  one  on  either 
side  of  the  first,  were  broken  out  and  re- 
placed by  thinner  bricks ;  then  the  two 
divisions  on  either  side  of  the  open  space, 
and  so  on  until  one-half  of  the  whole 
course  had  been  exchanged.  Purposely- 
made  flat  shovels  with  long  handles  were 
used  to  lay  the  bricks,  which  had  to  be 
placed  near  the  inside  of  the  chimney.  A 
side-space  of  5  in.  was  left  between  the 
newly-laid  bricks  and  the  old  ones  of  the 
next  division,  so  as  to  enable  the  work- 
men to  break  out  the  latter  with  greater 
facility.  The  width  of  each  single  divi- 
sion was  2  ft.  to  2  ft.  6  in..  The  mason- 
ry directly  above  was  sufficiently  dry  not 
to  give  way  when  a  course  of  that  width 
was  removed  from  below  it.  The  re- 
placed bricks  were  thicker  near  the 
points  (at  90°  distant  from  the  first  divi- 
sion cut  out),  so  that  the  difference  was 
greater  in  the  middle  and  gradually  less 
towards  the  extremities.  As  soon  as  the 
slit  reached  these  points  the  chimney 
began  to  move,  and  by  slight  oscillations 
slowly  settled  down  on  the  new  layer  of 
bricks.  The  time  occupied  in  settling  by 
oscillation  at  each  substituted  course  va- 
ried from  18  to   36  hours,   according  to 


the  width  of  the  slits,  which  were 


differ- 
The 


7th  December,  1868,  which  overthrew 
several  chimneys  in  the  neighborhood, 
did  not  affect  this  one.  The  result  of 
the  straightening  operation  described 
above  was  quite  satisfactory.  The  heights 
of  the  upper  cuts  were  reached  as  fol- 
lows :  Standing  on  a  platform,  the  ma- 
sons made  a  number  of  holes  into  the 
exterior  wall  of  the  chimney,  4  ft.  above 
the  platform  on  which  they  stood.  Into 
these  hole  the  ends  of  iron  bars  were 
fixed,  and  boards  secured  to  them  so  as 
form  another  platform.  Standing,  then, 
on  the  latter,  they  fixed  another  platform 
4  ft.  higher,  in  the  same  way.  Every 
second  platform  was  removed,  so  that 
the  remaining  ones  were  8  ft.  apart ; 
they  were  then  joined  by  ladders  for  the 
workmen  to  ascend.  This  method  of 
straightening  is  only  practicable  when 
the  chimney  has  a  considerable  diameter, 
and  when  the  mortar  is  sufficiently  dry 
as  not  to  give  way  under  pressure  of  the 
bars  and  platforms. 

Chimneys  at  Duisburg. — In  Decem- 
ber, 1868,  a  chimney  was  straightened  at 
this  place  by  the  method  just  described, 
but  as  the  diameter  was  not  so  great  as 
that  at  Barmen,  and  as  the  mortar  was 
soft,  a  wooden  scaffold  was  erected  round 
the  shaft  to  reach  the  upper  points  which 
required  cutting.  The  breaking  out  and 
replacing  of  bricks  could  not  be  done  in 
divisions  wider  than  5  in.  to  10  in.,  as  the 
upper  masonry,  not  being  dry,  would 
have  settled  down.     When  the  chimney 


ent  in  the  various  cuts  performed.     ^-, ,  wag  strai  ht  a  further  settlin    down  to. 
oscillations  were  greater  the  higher  the  wards  thesside  of  the  cuts  was  prevented 
3  highest  cut,  100  ft.  from  the   .       -,._-__   _. -, £Lj        -,-, 


cut.     At  the  high* 
top,  the  oscillations    frightened  the  ma- 
sons, and  they  left  the  place.     The  slit 
became  alternately  wider   and  narrower 


by  f  in..     This  seems  to  prove  the  elas- 
ticity of  the  structure, 
made, 


by  driving   iron  wedges,   covered    with 
mortar,  into  the  slits. 


Edbiburgh  Gas  -  Works  Chimney. — 
This  chimney  was  designed  by  Mr.  Mark 
Four  cuts  were  |  Taylor,  engineer  to  the  company.  Messrs. 
|  Geo.  Buchanan,  C.  E.,  and  Prof.  Gordon, 
of  Glasgow,  were  consulted.  The  build- 
ers were,  for  the  stonework,  Mr.  James 
Go  wan  (  of  Edinburgh,  and  for  the  brick- 
work, Mr.  James  Bow,  of  Pollocksfields, 
near  Glasgow.     The  pedestal  is   square, 


greatest  width    f 
ll 


1st     4  ft.  above  pedestal, 
2d  100 
3d  140 
4th  191 

After  the   completion   of   this  work  the 

chimney  continued  during  several  weeks  \  and  of    stone,  surmounted  by  a  circular 

to  settle  slightly  in  the    direction  oppo-  j  brick  shaft.     Its  dimensions  are : 

site  to  its  former  inclination.     This  cir- \  Stone  foundation  under  ground G^  ft. 

cumstance  had  to  be  carefully  considered  Part  of  base 6    " 

beforehand,  or  else  the   slits  would  have   Stone  pedestal  above 65    jj 

beenmadetoo   wide,  and  so   have   pro- 1  Bnck  shaft _ 

duced  an  inclination   in  the   opposite  di- 1     Totaj  height  from  foundation  to  top  341-J  " 
rection.     A  severe  storm  on  the  6th  and  I      Height  from  ground  line  to  top,  329  ft. 
Vol.  XXXIIL—  No.  2—9 
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The  foundation  stone  is  40  ft.  6  in. 
square,  by  6  ft.  6  in.  deep.  The  press- 
ure on  the  bottom  of  foundation  per 
square  foot  is  nearly  2 J  tons.  The  stone 
pedestal  is  30  feet  square  at  ground  line, 
and  27  ft.  9  in.  square  at  top.  The  inter- 
nal diameter  of  the  pedestal  is  22  ft.  6 
in.  at  bottom,  and  20  ft.  4  in.  at  top.  This 
was  built  during  one  summer,  at  the  end 
of  which  the  works  were  suspended  un- 
til the  following  year.  The  brickwork  of 
the  shaft  was  commenced  and  finished  in 
the  summer  following  the  erection  of  the 
pedestal.  The  following  dimensions  re- 
late to  the  outer  brick  shaft  (circular) : 

Outside  diameter  at  bottom .  26  ft.  3  in. 

Internal        "  "         20  ft.  5  in. 

Outside         "        at  top      15  ft. 

Internal        "  "        12  ft. 

This  was  built  up   in   five  steps,  as  fol- 
lows: 

1st  section,  35  ft.  high,  3^  bricks, 

2d  "        40  ft.     "      3 

3d  "        48  ft.     "      2i      " 

4th  "         58  ft.     "      2 

5th  "         83  ft.     "      1£      " 

264  ft.  total. 
The  greatest  pressure  on  any  part  of  the 
work  comes  at  the  lowest  section,  where 
it  amounts  to  about  8  tons  2  cwt.  per 
square  foot.  The  inner  brick  shaft  (cir- 
cular) is  distinct   from   the   outer  shaft, 


and  Hailes,  which,  before  use,  were 
tested  by  Mr.  Buchanan  and  Mr.  James 
Gowan.  The  tests  were  made  in  the 
most  careful  way  by  crushing  cubes  of  1 
in.  square.  The  following  were  the  re- 
sults of  tests  : 

Craigleith  crushed  at  315  tons  per  square  foot. 
Humbie  "  240 

Hailes  "  225 

A  second  test  of  Craigleith  showed  that 
before  being  crushed  to  powder  it  sus- 
tained a  pressure  of  440  tons  per  square 
foot.  The  appearance  after  fracture  of 
the  different  cubes  was  that  of  a  pyramid 
or  wedge,  and  this  led  Mr.  Gowan  to  as- 
sert that  if  the  cubes  were  enlarged  a 
greater  relative  increase  of  strength 
would  be  gained,  and  further  that  if  the 
pressure  were  vertical  to  the  line  of  cleav- 
age a  greater  resistance  would  be  ob- 
tained, so  that  such  a  stone  as  Hailes, 
which  is  a  laminated  stone,  would  increase 
in  strength  according  to  its  surface  more 
in  proportion  than  that  of  a  rock-stone 
such  as  Craigleith.  This  led  to  discus- 
sion and  further  tests,  the  result  being 
that  with  a  4  in.  cube  from  Hailes  quarry 
the  resistance  was  equal  to  567  tons  per 
square  foot.  The  bricks  were  supplied 
by  Mr.  Livingstone,  of  Portobello  Brick- 
works, and  were  tested  with  the  following 
results : 


Description  of  Specimen. 

Length. 

Breadth. 

Thickness. 

Weight. 

Crushing 
weight  on 
each  brick. 

Crushing 

weight  per 

sq.  foot. 

Extra  size  and  quality 

Ins. 
10 
9* 

Ins. 
5 

4f 

Ins. 
3 

Lbs. 
10i 
9t5s 

Tons. 
153 
140 

Tons. 
440 

448 

and  is  90  ft.  high,  with  13  ft.  internal  di- 
ameter throughout,  and  was  built  in  four 
steps,  viz. : 


1st  section,  14  ft. 

high,  35  in.  thick, 

2d        "         6  ft. 

"      30 

3d        "       30  ft. 

"       25 

4th       "       40  ft. 

"      20 

Total  90  ft. 

The  thicknesses  include  a  lining  of  fire- 
brick 10  in.  thick  for  20  ft.,  and  5  in. 
thick  for  the  remaining  70  ft.  The 
weight  of  the  materials  used  is  about 
3,700  tons.  The  total  cost  was  £4,637. 
The  lightning  conductor  is  a  solid  copper 
rod,  f  in.  diameter.  The  stones  used  in 
the  foundation  are   Cragleith,  Humbie, 


Repairs  of  Chimney -Shafts. — In  the 
Builder  for  January  8th,  1875,  there  is 
an  interesting  account  of  the  repairing  of 
chimney-shafts  damaged  during  the  siege 
of  Paris  by  the  fire  of  the  German  artil- 
lery. 

»^ 

REPORTS  OF  ENGINEERING  SOCIETIES. 

Engineeks'  Club  of  Philadelphia — Reooed 
of  Special  Business  Meeting,  June  6th, 
1885. — The  Secretary  presented  a  communica- 
tion from  Mr.  Wm.  T.  Blunt,  secretary  of  a 
committee  appointed  by  the  Civil  Engineers' 
Club  of  Cleveland  to  investigate  the  relation  of 
army  and  civil  engineers  in  the  Government 
service,  and  report  a  line  of  action  in  the  prem- 
ises. The  communication  requested  that  a 
similar  committee  be  appointed  by  this  club. 
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On  motion,  the  consideration  of  the  subject 
was  postponed  for  the  present. 

On  behalf  of  Prof.  Louis  H.  Barnard,  M. 
Dana  C.  Barber  presented  an  illustrated  article 
upon  Stereographic  Projection,  which  being  en- 
tirely mathematical,  does  not  admit  of  presen- 
tation in  abstract. 

Mr.  Percy  T.  Osborne  presented  an  illustrat- 
ed description  of  the  Sand-Bag  Embankment 
to  close  Little  Inlet  on  Brigantine  Beach,  N.  J., 
which  was  constructed  by  his  father,  Mr.  Rich- 
ard B.  Osborne,  C.  E. 

The  closing  of  this  inlet,  the  width  of  which 
was  831  feet,  with  a  rapid  current  at  ebb  and 
flow  of  tide,  never  was  deemed  possible  with 
the  very  fine  sand  which  was  the  only  material 
at  hand. 

The  changing  character  of  this  shore,  under 
the  action  of  the  north-easterly  winds,  the  laws 
of  nature  and  the  results  they  had  in  years 
past  produced  on  this  beach,  the  possibility  of 
making  these  co-workers  in  producing  like  re- 
sults in  a  shorter  period  of  time,  supplied  the 
only  expectation  that,  with  the  means  pos- 
sessed, this  water  way  could  be  obliterated, 
and  a  large  area  of  land  redeemed  from  the  sea. 

By  closing  this  stream  for  a  short  period,  it 
was  expected  that  the  sea  would  form  rapidly 
what  it  would  require  perhaps  a  century  other- 
wise to  accomplish,  and  that  the  accretion  from 
the  sea  would  quickly  protect  and  cover  up  the 
works  of  construction,  without  which  it  was 
utterly  useless  to  attempt  to  build  a  barrier 
against  the  ocean,  out  of  the  material  available. 
The  expectation  has  been  proved  to  have  been 
founded  on  correct  principles.  The  sea  has 
performed  its  part  most  fully.  The  operations 
of  nature's  laws  have  been  quickened,  and  the 
inlet  to-day  is  a  thing  of  the  past.  The  sand 
was  packed  in  ordinary  salt  bags,  costing  5^ 
cents  a-piece,  sewed  up  and  placed  in  the  em- 
bankment, at  a  cost  of  66  cents  per  cubic  yard 
for  bags,  and  34  cents  per  cubic  yard  for  filling, 
sewing  and  placing,  making  a  total  cost  per 
cubic  yard  of  one  dollar.  The  working  hours 
were  between  half  ebb  and  half  flow  of  tides. 
The  embankment  was  made  from  each  shore 
simultaneously,  to  within  a  foot  of  low  water, 
by  placing  the  bags  by  hand.  On  these  bags, 
frames,  6  feet  in  height,  12  feet  broad  on  top, 
and  8  feet  apart,  were  placed,  and  connected  by 
planks  spiked  on  the  sloping  sides.  The  inte- 
rior spaces  were  filled  with  sand  bags,  80,000  of 
which  were  used  in  the  construction  of  the  em- 
bankment. About  1,050  were  placed  in  a  day 
of  10  hours,  12  of  them  equaling  1  cubic  yard. 
At  low  tide  the  water  in  the  main  channel  was 
13  feet  deep  when  the  bank  was  begun,  on 
June  17th,  1881.  On  the  5th  August  following, 
the  embankment  was  closed  and  the  sea  shut 
out — in  42  working  days — and  where  the  deep 
channel  had  been,  there  was  then  less  than  2 
feet  of  water;  the  deposit  of  sand  from  the 
sea  having  commenced  with  the  embankment 
and  increased  as  it  progressed.  For  9  days 
after  closing,  the  embankment  withstood  the 
heavy  seas  and  south-easterly  gales.  On  Aug. 
12th  the  sea  broke  over  the  banks,  near  the 
north  end,  where  the  water  was  2  feet  deep. 
Having  some  bags  on  the  ground,  this  breach 
was  closed  on  the  next  ebb  tide.     On  the  14th 


another  breach  occurred,  when  there  was  noth- 
ing at  hand  for  its  repair,  the  bags  ordered  on 
August  6th  not  having  been  supplied  for  18 
days.  When  they  did  arrive  the  company  had 
discharged  the  contractor,  and  the  breach  had 
only  to  be  left  to  itself.  It  continued  to  widen 
up  to  16th  September,  when  it  was  132  feet, 
with  16  feet  depth  of  water  below  the  original 
surface,  the  old  13  feet  channel  remained  closed, 
and  three  bars  from  the  bank  seaward  had 
been  created.  It  was  expected  then  that  the 
accretion  would  still  continue,  and  that  finally, 
in  spite  of  the  breech,  the  closing  of  the  origi- 
nal channel  and  the  alteration  of  the  course  of 
the  tide  would  continue  the  deposit  and  finish 
the  undertaking  without  further  efforts.  Some- 
thing was  attempted  afterwards  by  one  of  the 
company— by  driving  poles  and  stretching  light 
wires  along  them — but  these  petite  attempts 
conduced  in  nowise  to  the  ultimate  result,  The 
increased  action  of  the  sea  finally  obliterated 
the  inlet,  and  covered  the  whole  locality,  thus 
proving  that  nature  had  fully  performed  what 
had  been  expected  of  her — 70  acres  seaward 
and  30  acres  inside  were  reclaimed. 

June  20th,  1885. — The  Secretary  presented, 
from  Prof.  J.  A.  L.  Waddell,  a  communication 
proposing  that  the  Club  organize  a  system  of 
Review  of  Engineering  Literature,  and  suggest- 
ing methods  therefor. 

The  Secretary  presented,  for  Mr.  James 
Beatty,  Jr.,  a  paper  upon  the  Relative  Costs  of 
Fluid  and  Solid  Fuels.  After  giving  the  rela- 
tive advantages  in  economy  of  labor  in  use,  re- 
duction of  weight  and  bulk,  ease  of  manipula- 
tion of  fire,  perfection  of  combustion,  and 
cleanliness,  the  principal  substances,  experi- 
I  ments  and  processes  are  noted. 

Notes  and  tables  are  given  as  to  the  compo- 
!  sitions  of  different  fuels,  their  heat  units  and 
I  evaporative  capacities,  efficiencies  in  furnace, 
prices  per  unit,  and  lbs.  of  fuel  for  $1.00  and 
lbs.  of  water  evaporated  from  212°  F.  for  $1.00, 
in  various  localities. 

The  paper  concludes  with  the  following 
table,  of  which  the  author  says:  "These  fig- 
ures are  very  much  against  the  fluid  fuels,  but 
there  may  be  circumstances  in  which  the  bene- 
fits to  be  derived  from  their  use  will  exceed  the 
additional  cost.  It  is  difficult  to  make  a  com- 
parison without  considering  particular  cases, 
but  for  intermittent  heating,  petroleum  would 
probably  be  more  economical,  though  for  a 
steady  fire,  coal  holds  its  own." 
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Prof.  L.  M.  Haupt  announced,  by  title,  a 
paper  upon  the  Repairs  to  the  Conduit  of  the 
Philadelphia  Traction  Company,  which  will 
probably  be  ready  for  publication  during  the 
summer. 

The  Secretary  presented,  for  Mr.  C.  W.  Buch- 
holz,  a  Memorial  of  the  late  William  Lorenz, 
reviewing  his  studies,  his  early  experience,  his 
career  on  the  Philadelphia  and  Reading  Rail- 
road from  topographer  to  Chief  Engineer,  his 
great  scientific  and  practical  ability,  and  last, 
but  far  from  least,  the  extraordinary  complete- 
ness of  his  manhood. 


ENGINEERING    NOTES. 

SUMMAEY    OF    REPOET    ON    PEESEEVATION  OF 
TlMBEE    TO    AMEEICAN    SOCIETY    OF     ENGI- 

neees. — After  a  brief  statement  of  the  labors 
of  the  Committee  and  of  the  evident  necessity 
for  the  introduction  of  preserving  processes  on 
account  of  rapidly  diminishing  supplies  of 
timber,  a  short  history  of  the  progress  of  the 
art  is  given,  showing  three  principal  methods 
of  working,  viz.  : 

1.  Steeping. 

2.  Vital  suction  or  hydraulic  pressure. 

3.  Treatment  in  close  vessels  by  steaming, 
vacuum,  pressure,  &c 

The  experience  in  the  United  States  is  given 
in  five  tables,  comprising  the  results  more  or 
less  conclusive  of  142  authenticated  trials  or  ex- 
periments. In  each  case  these  are  referred 
to  at  more  or  less  length  in  the  text,  sufficiently 
to  give  the  reasons  for  success  or  failure,  and 
the  lesson  taught.  The  five  heads  correspond- 
ing to  the  tables  are  : 

1.  Kyanizing,  or  use  of  corrosive  sublimate. 

2.  Burnettizing,  or  use  of  chloride  of  zinc. 

3.  Creosoting,  or  use  of  creosote  oil, 

4.  Boucherie,  or  use  of  sulphate  of  copper. 

5.  Miscellaneous,  or  use  of  various  sub- 
stances. 

Of  the  first,  Kyanizing,  it  is  stated  that  an 
absorption  of  four  or  five  pounds  of  corrosive 
sublimate  per  thousand  feet,  b.  m  ,  is  consid- 
ered sufficient,  and  it  would  now  cost  about 
$6.00  per  1,000  feet,  b.  m.  It  is  not  recom- 
mended except  in  situations  where  the  air  can 
circulate  freely  about  the  wood,  as  in  bridges 
and  trestles,  but  in  very  damp  locations  (as  for 
ties  when  in  wet  soil  and  pavements),  its  suc- 
cess is  doubtful.  Its  cost  when  first  used  led 
to  cheating,  which  for  a  time  brought  discredit 
upon  it. 

Burnettizing  the  committee  do  not  consider 
the  best  adapted  to  use  where  the  timber  is  ex- 
posed to  the  washing  action  of  water  (as  this 
removes  the  preservative)  ;  but,  on  account  of 
its  cheapness,  it  is  probably  to  be  preferred  at 
the  present  time  to  any  other  process  for  the 
preservation  ef  railroad  ties.  The  Wellhouse, 
Thilmany  and  other  modifications  of  the  proc- 
ess aim  at  making  the  chloride  insoluble,  but 
are  yet  on  trial.  This  process  has  been  largely 
and  successfully  introduced  in  Germany.  Ex- 
perience shows  the  life  of  soft  wood  ties  to  be 
doubled  and  trebled  by  its  use.  Its  cost  in 
this  country  is  about  $5  per  1,000  feet,  b.  m., 
or  20  to  25  cents  per  tie,  and  for  the  latter  pur- 
pose the  committee  particularly  recommend  it. 


The  work  must  be  well  done ;  but  some  of 
the  failures  were  from  doing  it  too  well,  that  is, 
from  using  solutions  of  too  great  strength, 
thus  making  the  timber  brittle. 

A  solution  of  2  per  cent.,  by  weight,  of 
chloride  of  zinc  in  water  is  recommended. 

Creosoting,  or  the  injection  of  timber  with 
hot  creosote  oil  in  a  cylinder  under  pressure,  is 
considered  to  be  the  very  best  process  which 
has  been  fully  tested,  where  expense  is  not  con- 
sidered. It  is  as  yet  the  only  one  known  which 
is  sure  to  prevent  the  destructive  attacks  of  the 
teredo  or  other  marine  animals,  and  to  give 
absolute  protection  against  decay  in  very  wet 
situations.  It  is  a  somewhat  expensive  proc- 
ess, requiring  for  protection  against  the  teredo 
from  10  to  20  pounds  per  cubic  foot  of  timber, 
and  costing  from  $12  to  $20  per  1,000  feet,  b.m. 
For  resisting  decay  alone  a  cost  of  $10  to  $14 
is  sufficient. 

The  Boucherie  process,  in  which  green  tim- 
ber is  impregnated  with  sulphate  of  copper 
either  by  vital  suction,  hydraulic  pressure  or  a 
vacuum,  when  well  done,  using  a  solution  of  1 
pound  of  sulphate  to  100  of  water,  has  proved 
fairly  successful. 

Under  the  head  of  "miscellaneous,"  are 
classed  41  experiments  with  almost  as  many 
substances,  sulphate  and  pyrolignite  of  iron, 
lime,  resin  oil,  tar,  &c,  but  with  as  yet  no  com- 
mercial success. 

The  general  principles  laid  down  are,  to  se- 
lect the  process  with  reference  to  the  subse- 
quent exposure.  Use  open-grained,  porous 
timber,  for  that  reason  in  general  the  cheaper 
woods. 

Extract  the  sap  and  water  to  make  room  for 
the  material  to  be  injected,  natural  seasoning, 
except  for  the  Boucherie  process,  being  very 
desirable.  Steaming  takes  the  place  of  season- 
ing. 

Use  enough  of  the  antiseptic  to  insure  a  good 
result,  and  then  let  the  timber  dry  before  us- 
ing, as  its  durability  will  thus  be  increased. 
Do  not  hasten  the  work  if  it  is  to  be  well  done. 
Protect  ties  or  timber  in  the  track  as  far  as 
may  be  from  water  by  drainage. 

Contract  only  with  reliable  parties  of  estab- 
lish reputation,  under  a  skilled  inspector,  who 
must  be  in  constant  attendance  when  the  mag- 
nitude of  the  order  warrants. 

There  is  at  the  close  a  discussion  of  the  ques- 
tion, Will  any  preserving  process  pay  ?  This  is 
answered  in  the  affirmative.  The  chairman  of 
the  committee  gives  a  careful  estimate  in  one  of 
the  appendices  in  an  actual  case  in  this 
country ;  another  general  estimate  is  given 
based  on  European  experience,  and  three  other 
separate  appendices  give  different  methods  of 
examining  the  question  of  economy  and  com- 
paring values. 

Other  appendices  (to  the  number  of  twenty 
in  all)  treat  of  the  general  question  of  destruc- 
tion and  conservation  of  forests,  and  give  re- 
ports of  the  personal  experience  of  a  number 
of  engineers,  with  methods  pursued,  apparatus 
used,  &c. 

A    MOUNT    OF  WATEE   REQUIRED    FOE    IEEIGA- 

l\  tion  in  Salt  Lake  City. — The  amount  of 
water,  which  Salt  Lake  City  requires  for  irriga- 
tion during  the  period  of  about  120  days,  from 
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the  middle  of  May  to  the  middle  of  September, 
is  so  enormous,  that  the  amounts  required  for 
domestic  and  other  purposes,  sink  into  insig- 
nificance by  comparison.  Fast  becoming  a 
•city,  filled  with  lawns  and  shrubbery,  in  place 
of  gardens  and  ordinary  crops,  with  abnormal- 
ly wide  streets,  the  requirements  are  simply 
immense.  Long  experience  has  demonstrated 
that  watering  in  our  climate  for  city  lots,  should 
be  as  often,  as  at  least  once  a  week,  and  such 
is  the  custom  here.  During  the  "season," 
from  17  to  20  waterings  are  had ;  and  we  find 
from  the  tables  of  rain  fall,  that  only  3.31 
inches  of  rain  can  be  depended  on  during  this 
period.  Experience  has  also  demonstrated, 
that  the  best  results  are  obtained,  when,  at  each 
watering,  as  much  water  is  used  as  would  be 
equal  to  covering  the  ground  one  inch  deep. 
At   least,   this  amount    is  generally  required. 

This,  therefore,  means,  that,  during  the  "sea- 
son.1' from  20  to  23  inches  are  flowed  over  the 
land,  the  rainfall  being  counted  in  ;  and  prac- 
tically amounts  to  the  same  as  though  that 
many  inches  of  rain  had  fallen,  between  the 
middle  of  May  and  middle  of  September.  To 
those  not  familiar  with  the  needs  of  irrigation, 
this  seems  an  unusually  large  allowance,  and 
very  few  appreciate  how  large  an  amount  of 
moisture  they  put  on  an  acre  of  ground,  when 
they  cover  it  an  inch  deep.  It  means  .63  gals., 
or  5^  lbs.  per  sq.  ft.,  or  113  tons  per  acre  at 
each  watering,  or  2,260  tons  of  water  in  a  sea- 
son. Yet,  large  as  this  looks,  it  is  not  as  great 
as  the  original  founders  of  the  city  deemed 
necessary  to  provide. 

In  a  conversation  had  with  Mr.  Orson  Pratt, 
some  fifteen  or  sixteen  years  ago,  on  the  sub- 
ject of  amount  of  water  required  for  irrigation 
■here,  that  gentleman  said  to  the  writer.  "It 
was  our  intention  that  one  cubic  foot  of  water 
per  second  should  suffice  for  100  acres  of  land 
for  about  as  many  days,  and  at  the  outset  that 
■or  more  perhaps  was  used  :  since  we  have  got 
the  ground  saturated  our  crops  don't  probably 
require,  in  ordinary  seasons,  more  than  half 
that." 

This  one  cubic  foot  per  second  of  water  duty, 
allows  nearby  24  inches  for  a  season  of  10. J 
days  ;  but  gardens,  lawns,  etc.,  require  water 
during  at  least  120  days.  At  each  watering  we 
find  required  not  less  than  3,630  cubic  feet,  or 
27,225  gallons  per  acre.  During  parts  of  July 
and  August,  the  least  flow  of  City  Creek  is 
given  as  being  7,200,000  gallons,  or  960,000 
cubic  feet  per  day,  sufficient  for  1850  acres  dur- 
ing the  "  season."  The  total  number  of  acres 
outside  of  the  1st,  10th  and  11th  Wards,  lying 
above  City  Canal  level,  including  the  ceme- 
teries, is  812,  of  which  295  are  already  sup- 
plied. Should  the  balance  of  this  812  acres  be 
also  watered  from  City  Creek  it  would  divert 
2,010,757  gallons  of  that  water,  now  flowing 
into  the  lower  wards.  The  result  being  that 
all  the  water  from  City  Creek  not  required  for 
lands  above  canal  level,  or  4,041,901  gallons 
could  pass  through  the  pipes;  instead  of  the 
bulk  of  it  as  now,  going  through  the  ditches. 
Water  through  the  pipes  means  an  income 
therefrom,  and  at  20  gallons  per  head,  this 
4,000,000  gallons  gives  a  supply  for  200,000. 
people.     By  storing  one-fourth  of  the  flow  of 


City  Creek  this  four  millions  can  be  more  than 
doubled. 

Thus  using  City  Creek  water  for  the  areas 
above  City  Canal  level,  leaves  2,840  acres  in  the 
j  city  below  its  level.  Should  this  canal  be  drawn 
upon  for  its  full  capacity,  it  would  admit  of 
flooding  this  entire  area  of  2,840  acres,  If 
inches  deep  every  day,  or  llf  inches  at  each 
watering,  or  16  feet  deep  during  the  season. 

It  follows,  therefore,  that  the  canal,  for  the 
necessary  irrigation  only,  of  the  lands  within 
city  limits  below  its  level,  need  furnish  but  11,- 
045,571  gallons  daily  Two-thirds  of  the  whole 
area  of  the  city  would  thus  seem  to  be  pretty 
well  provided  with  water. 

This  apportionment  of  the  waters,  if  made, 
would  only  be  carrying  out  in  detail,  the  ideas 
suggested*by  Mr.  Ellerbecklast  summer,  or  like 
that  now  made  in  alloting  the  canal  water  in 
lieu  of  Emigration  Creek  in  the  1st,  10th  and 
11th  Wards,  and  will  give  to  those  making  the 
exchange,  more  water,  should  it  be  required, 
than  they  could  ever  secure  from  City  Creek 
alone. 

It  has  been  suggested,  that  owing  to  its 
leaky  condition,  the  canal  cannot  be  made  at 
present  to  flow  to  its  capacity.  Neither  will  it 
at  present  be  required  to.  The  amount  pro- 
posed to  be  taken  from  City  Creek,  for  the  en- 
tire 517  acres  unsupplied,  including  Ceme- 
teries, only  diverts  2,010,757  gallons,  from  that 
creek,  and  not  that  amount  until  the  whole  of 
these  517  acres  shall  have  come  under  irriga- 
tion. As  a  matter  of  fact  at  present  and  with 
full  supply  given,  to  the  lands  of  the  living  and 
to  the  Cemetery,  less  than  1,500,000  gallons  per 
day  will  be  diverted  for  several  years,  leaving 
some  20  ),5<)0,000  gallons  for  pipe  supply,  more 
than  now  flows  through  them. 

Repairs  would  certainly  remedy  the  leakage 
of  the  canal,  and  repairs  like  repentance  are  al- 
ways in  order,  and  an  extra  four  millions  of 
flow  would  require  but  five  inches  more  depth. 
Whatever  may  be  said  about  the  faulty  con- 
struction of  this  great  waterway  or  the  damage 
from  muskrats,  yearly,  the  wisdom  displayed 
in  its  adoption  was  of  the  highest  order.     Nor 
has  it  been  built  any  too  soon  to  meet  our  rapid- 
ly increasing  wants.    The  waters  of  Utah  Lake, 
which  it  brings  us,  for  irrigation  and  manufac- 
turing purposes,  are  superior  in  quality  to  those 
from^all  other  sources.     We  are,  however,  fre- 
quently told  that  the  construction  of  a  canal  at 
all  was  a  terrible  mistake,  that  a  pipe  should 
have  been  laid  to  prevent  any  chance  for  dam- 
j  age  to  lands  along  its  route,  etc.    Well !  a  pipe, 
i  or  its  practicable  equivalent,  a  masonry  con- 
|  duit,  would  be  a  good  thing  to  have,  but  to 
|  bring  the  same  amount  of  water  from  the  same 
starting  point  on  the  Jordan,  would  have  re- 
quired that  conduit  to  be  eleven  (11)  feet  in  di- 
ameter, or  if  iron  pipes  were  used,  14  of  them 
j  3  feet  in  diameter,  would  have  been  required, 
and  carried  the  cost  away  up  into  the  imposing 
millions.     Surely  the   $223,000   the   canal  has 
!  cost  was  a  judicious  expenditure. 

With  a  city  like  Salt  Lake,  which  has  no 
large  manufactories  a  supply  of  twenty  gallons 
per  head,  exclusive  of  hose  service,  is  generally 
conceded  by  all  hydraulicians  ample  for  do- 
mestic  purposes.      This   means   7,300  gallons 
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per  annum  to  an  individual.  Now,  an  acre  of 
land  requiring  irrigation  during  the  same 
period,  though  distributed  generally  during  120 
days,  requires  not  less  than  490,000  gallons,  or 
nearly  70  times  as  much.  During  the  120  days, 
however,  the  acre  consumes  204  times  as  much 
as  the  individual.  Following  out  the  calcula- 
tion we  find  that  the  water  absolutely  required 
for  our  irrigation,  with  no  allowance  for  en- 
tailed or  other  waste,  would  suffice  for  a  popu- 
lation of  852,000  people.  I  gave  these  figures 
to  show  the  cause  which  necessitates  such  im- 
mense volumes  of  water.  The  probabilities  are, 
that  during  the  dry  season,  5<>,000.000  or  more 
gallons  daily  will  be  used  and  rightfully  wasted. 
By  rightful  waste  I  mean  that  quantity  of  water 
left  to  flow  in  our  streets  not  only  for  irrigation 
therein,butthat  which  cannot  well  be  controlled, 
as  also  that  quantity,  which  so  flowing  will  al- 
ways be  an  important  factor  from  a  hygienic 
point  of  view.* 

In  all  the  foregoing  estimates  the  quantities 
given  are  for  a  supply  to  the  entire  acreage  of 
the  city ;  while  the  least  capacity  of  the  streams 
have  been  taken  as  the  basis  from  which  such 
supply  is  to  be  had.  This  is  not  entirely  a  just 
way  of  estimating,  since,  it  is  fairly  presum- 
able that  whenever  required  in  the  future,  one- 
fourth  of  the  flow  of  both  City  and  Emigration 
Creeks  could  be  stored  and  utilized. 

As  will  also  be  noticed  no  deduction  has 
been  made  for  buildings,  the  whole  area  hav- 
ing been  computed  as  requiring  irrigation.  The 
requirements  of  the  streets,  will,  however, 
quite  offset  this  amount,  and  it  is  sincerely  to 
be  hoped  that  no  diminution  of  the  flow  along 
them  will  ever  be  required,  and  below  the  canal 
there  would  seem  to  be  no  excuse  for  any  such 
diminution. 


IRON  AND  STEEL  NOTES. 

MAGNETIZATION  OF  IEON,  NlCKEL,  AND  STEEL. 
— Mr.  Shellford  Bidwell  has  communi- 
cated a  paper  to  the  Royal  Society  on  the 
changes  produced  by  magnetization  in  the 
lengths  of  rods  of  iron,  steel,  and  nickel  The 
most  novel  result  of  these  observations  is  the  fact 
that  if  the  magnetization  of  iron  rods  be  carried 
beyond  a  certain  critical  point,  the  consequent 
elongation,  instead  of  remaining  stationary  at  a 
maximum,  becomes  diminished,  the  diminution 
increasing  with  the  magnetizing  force.  If  the 
force  is  sufficiently  increased,  a  point  is  arrived 
at  where  the  original  length  of  the  rod  is  totally 
unaffected  by  magnetization;  and  if  the  mag- 
netization be  carried  still  further,  the  original 
length  of  the  rod  will  be  reduced.  It  also  ap- 
peared from  Mr.  Bidwell's  researches,  that  the 
position  of  the  critical  point  in  steel  depends  in 
a  very  remarkable  manner  on  the  hardness  or 
temper  of  the  metal.  Considerable  light  is  thus 
thrown  on  the  anomalous  results  obtained  by 
Joule  and  Mayer.     His  experiments  also  dis- 

*  The  streets  of  Salt  Lake  City  are  132  feet  wide, 
and  it  is  the  intention  to  keep  a  continuous  flow  in 
the  s'de  ditches.  With  the  exception  of  about  six 
weeks  in  winter  this  flow  of  water  is  kept  up.  Tbere 
is  not  a  sewer  in  the  city. 


closed  reasons  for  believing  that  the  value  of 
the  critical  magnetizing  force  in  a  thin  iron  rod 
is  greatly  reduced  by  stretching.  This  explains 
the  fact  that  Joule  obtained  opposite  effects  with 
stretched  and  unstretched  wires.  It  is  known 
that  the  length  of  a  nickel  bar  is  diminished  by 
magnetization,  and  Mr.  Bidwell  shows  that  it 
continues  to  retract  with  magnetizing  forces  far 
exceeding  those  which  produce  the  maximum 
elongation  in  iron.  The  greatest  observed  retrac- 
tion in  the  case  of  nickel  was  more  than  three 
times  the  maximum  observed  elongation  of  iron, 
and  the  limit  was  not  reached  in  the  experi- 
ments. A  nickel  wire  stretched  by  a  weight 
undergoes  retraction  when  magnetized.  The 
critical  value  of  the  magnetizing  force  for  a 
steel  rod  diminishes  with  increasing  hardness 
up  to  a  certain  point  corresponding  to  a  yellow 
temper ;  after  which  it  increases,  and  with  very 
hard  steel  becomes  very  high.  There  is,  there- 
fore, a  critical  degree  of  hardness  for  which  the 
critical  magnetizing  force  is  a  minimum.  In 
steel  of  a  yellow  temper  the  value  of  the  critical 
magnetizing  force  is  lower  than  in  steel  which  is 
either  softer  or  harder.  A  temporary  elongation 
once  produced  in  soft  steel  may  be  maintained 
by  a  magnetizing  force  which  is  itself  too  small 
to  originate  any  perceptible  elongation. 

Safety  of  Ikon  Pillaes  in  Cases  of  Fiee. — 
We  stated  sometime  since  that  owing  to 
the  upper  stories  of  buildings  in  Berlin  falling 
in  during  a  fire,  by  the  giving  way  of  cast-iron 
pillars,  the  Prussian  police  authorities  had  issued 
an  edict  forbidding  the  use  of  cast-iron  pillars 
in  any  inhabited  building,  but  permitting  the 
use  of  wrought-iron  pillars.  Cast-iron  may  only 
be  used  provided  that  each  pillar  is  surrounded 
by  a  fixed  casing  of  sheet  iron,  in  such  a  man- 
ner that  there  is  a  good  air-space  between  the 
two.  This  edict  has  provoked  much  criticism 
and  opposition,  and  several  authorities  have 
reasoned  against  it,  as  well  as  made  experiments 
to  disprove  the  assumption  on  which  it  is  based. 
Prof.  Bauschinger  of  Munich,  recently  made  a 
long  series  of  actual  trials  with  pillars  of  both 
cast  and  wrought-iron.  He  loaded  them  with 
the  weights  that  they  are  usually  allowed  to 
bear  in  buildings,  and  heated  them  first  to  300 
deg.  Cent.,  then  to  600  deg.  Cent.,  and  finally 
to  a  red  heat,  and  let  a  stream  of  cold  water 
play  on  them,  exactly  as  would  be  the  case  in  a 
fire  being  extinguished  by  fire  engines.  The 
cast-iron  pillars  were  much  damaged  and  cracked 
by  this  treatment,  but  continued  to  carry  their 
loads  quite  safely,  while  those  of  wrought-iron 
were  much  bent  before  redness  was  reached, 
and  so  twisted  when  cold  water  was  squirted  on 
them  that  they  could  not  carry  their  loads.  The 
conclusion  is  that  cast-iron  is  really  far  safer  for 
buildings  than  wrought.  Pillars  of  other  ma- 
terials were  also  experimented  with,  viz. ,  natur- 
al stone,  brick,  and  concrete.  The  latter  stood 
the  test  best,  resisting  a  fire  of  three  hours'  dur- 
ation. Also  pillars  of  ordinary  brick  stood  very 
well,  but  granite,  sandstone,  and  other  natural 
stones  did  not  show  as  much  resistance.  If  the 
obnoxious  edict  of  the  Berlin  police  has  done 
no  other  good,  it  seems  at  least  to  have  set  a 
good  many  people  to  work  on  this  important 
subject. 


ORDNANCE  AND  HAVAL. 
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RAILWAY  NOTES. 

It  is  said  that  the  construction  of  a  ship  rail- 
way  to  connect  the  Bay  of  Fundy  with  the 
Gulf  of  St.  Lawrence  has' been  finally  decided 
on.  Ships  of  1.000  tons  and  under  will  tnus 
be  able  to  reach  St.  John  from  Montreal,  Que- 
bec and  other  ports  on  the  St.  Lawrence,  with- 
out having  to  encircle  the  dangerous  Nova  Seo- 
tian  coast,  a  saving  of  600  miles.  The  ship  rail- 
way, which  is  to  be  seventeen  miles  long,  will, 
it  is  expected,  be  supported  by  a  subsidy  of 
£60.000  per  year  for  twenty  years  from  the 
Canadian  Government. 

Theee  is  still  running  on  the  Western  and 
Atlantic  Road,  in  Georgia,  hauling  a  pas- 
senger train,  the  old  locomotive  General,  which 
—the  Railroad  Gazette  says— was  the  pursued 
party  in  one  of  the  most  exciting  chases  on  rec- ' 
ord."  The  locomotive  was  carried  off  by  a 
small  party  of  Federal  scouts  during  the  war, 
while  the  engineer  and  firemen  were  at  dinner, 
and  the  train  was  stopping  at  Big  Shanty.  The 
pursuit  was  kept  up  for  over  100  miles  before 
the  engine  was  finally  recaptured,  and  she  was 
only  abandoned  when  entirely  out  of  fuel  and 
water,  and  the  journal  bearings  had  been  al- 
most entirely  melted  out,  the  supply  of  oil  hav- 
ing also  run  out.  In  the  chase,  this  General 
and  the  pursuing  engine  probably  made  the 
fastest  time  ever^run^on  a  southern  road,  al- 
though all  parties  were  too  much  engaged  in 
the  business  on  hand  to  keep  any  record  of  the 
actual  speed. 

ORDNANCE  AND  NAVAL. 

AN  addition  to  the  German  navy  was  made 
on  the  18th  of  May.  by  the  launch,  at 
Dantzic,  of  the  fast  cruiser  corvette,  Arcona, 
which  took  place  in  the  presence  of  General 
von  Capri vi — the  chief  of  the  German  Admir- 
alty— Admiral  Jachmann  naming  the  vessel. 
The  Arcona  is  a  sister  ship  to  the  Alexandrine. 
launched  in  February  last  at  Kiel,  and  is  of  the 
following  dimensions:  Length  between  per- 
pendiculars, 72  meters  (237  ft.);  breadth  of 
beam,  13  meters  (42  ft.):  displacement,  2370 
tons.  She  is  built  of  iron  and  steel  throughout, 
and  has  a  double  planking  of  teak,  sheathed 
with  copper.  Her  draught  of  water  when  com- 
pletely fitted  up  and  fully  armed  will  be  4.60 
meters  (somewhat  over  15  ft.)  forward  and  5 
meters  (16  ft.  6  in.)  aft.  The  vessel  is  divided 
into  eight  watertight  compartments  by  cross 
bulkheads,  the  two  largest  ones  containing  en- 
gines and  boilers.  She  will  have  two  compound 
engines,  working  independent  of  each  other, 
placed  side  by  side  in  the  direction  of  the  keel, 
and  developing  together  2,400  horse-power. 
Steam  will  be"  supplied  by  eight  cylindrical 
boilers,  four  to  each  engine,  placed  into  two 
separate  boiler  rooms.  The  estimated  speed  of 
the  Arcona  is  between  14  and  15  knots  (16  to 
17  miles)  an  hour.  She  will  be  armed  with 
twelve  15  centimeter  (5.85  in.)  and  two  8.7 
centimeter  (3.39  in.)  guns,  one  light  gun,  and 
four  Hotchkiss  guns.  She  will  also  be  fitted 
with  a  launching  apparatus  for  Whitehead  tor- 
pedoes. 
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A  Manual  of  the  Theoet  and  Peactice  op 
TOPOGEAPHICAL     SuEVEYING.         By   J.    B. 

Robinson,  C.E.  New  York :  John  Wiley *&  Sons. 

This  treatise  deals  with  the  use  of  the  transit 
and  stadia. 

The  writer  explains  in  the  preface  the  plan  of 
the  work  as  follows  : 

i;  The  writer  has  three  objects  in  view  in  the 
preparation  of  this  work,  viz.  : 

"First — To  prepare  a  manual  that  could  profit- 
ably be  put  into  the  hands  of  students  in  sur- 
veving.  and  then  be  of  further  use  to  them  in 
the  field. 

''Second — To  so  clearly  and  minutely  explain 
the  theory  and  methods"  of  field  work,  that  an 
engineer  in  practice  could,  without  other  in- 
struction, prepare  his  instruments,  and  do  the 
work  in  good  shape. 

"Third— To  furnish  such  means  of  reducing 
the  field  notes,  with  such  methods  of  plotting 
as  have  resulted  from  many  years'  experience 
of  many  engineers  engaged  in  the  business." 

The  Winslow  tables,  with  which  our  readers 
are  doubtless  familiar,  are  appended  to  the  text. 


176 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


An  Introduction  to  Peactical  Oeganic 
Analysis.  By  Geoege  E.  R.  Ellis.  Lon- 
don :  Longmans,  Green  &  Co. 

This  is  a  convenient  little  manual  for  chemi- 
cal students.  It  is  particularly  good  in  speci- 
fying the  characteristics  of  the  leading  organic 
acids  and  alkaloids,  and  in  the  directions  for 
general  examination. 

The  work  is  well  printed,  and  is  made  to 
have  the  appearance  of  being  illustrated  by  the 
ingenious  process  of  repeating  a  simple  dia- 
gram three  or  four  times.  This  is  a  harmless 
practice  when  no  illustrations  are  called  for  nor 
referred  to. 

The  Elements  of  Raileoading.  By  Chaeles 
Paine.     New  York  :  Railroad  Gazette. 

This  is  a  series  of  essays  reprinted  from  the 
Railroad  Gazette.  How  extensive  the  variety 
of  topics  presented  may  be  seen  by  the  follow- 
ing list  of  chapter  headings  :  Surveying  and 
Construction,  Real  Estate  and  Records,  Drain- 
age, Main  Track,  Trackmen  and  Sidings,  Sta- 
tions, Shops  and  Engine  Houses,  Telegraph 
Lines  and  Fences,  Locomotives,  Cars,  The 
Movement  of  Freight,  The  Movement  of  Pas- 
sengers, Employes. 

Of  course  each  of  these  important  subjects 
is  treated  only  in  a  cursory  manner,  as  the 
thirteen  chapters  cover  only  154  small  pages. 
Many  good  suggestions  are  afforded  young 
engineers  in  the  way  of  caution  about  com- 
mon errors  in  railroad  construction  and  main- 
tenance. 

The  Technology  of  Bacteeia.  By  Chas. 
S.  Dolley,  M.  D.  Boston :  S.  E.  Cassino 
&Co. 

This  work  is  designed  to  stimulate  students 
to  microscopical  research.  It  is  divided 
into  three  parts.  Part  I.  is  devoted  to  the 
directions  for  obtaining  organisms  from 
various  sources  and  their  preparation  for  the 
microscope.  Experimental  culture  of  Bacteria 
receives  a  fair  share  of  attention  in  this  part. 

Part  II.  deals  with  the  special  methods  em- 
ployed by  Pasteur,  Koch,  and  many  others,  to 
propagate  Bacteria  of  particular  maladies. 

Part  III.  describes  the  use  of  the  preservative 
and  coloring  fluids  used  in  connection  with 
the  preparation  of  minute  organisms  for  the 
microscope. 

The  absence  of  illustrations  will  render  a 
microscope  manual  a  necessity  to  a  beginner. 

FEICTION  AND  LOST  WOEK  IN  MaCHINEEYAND 
Mill  Woek.     By  Robt.  H.  Thueston. 

The  author  is  so  well  known  that  we  need 
not  devote  space  to  showing  that  the  book  is  of  a 
highly  practical  and  thoroughly  scientific  char- 
acter. 

Nothing  more  than  a  statement  of  the  range 
of  topics  seems  called  for. 

Chapter  I.  treats  of  the  Theory  of  Machinery 
and  deals  with  precise  definitions  of  scientific 
terms. 

Chapter  II.  on  Nature,  Laws  and  Theory  of 
Friction,  is  probably  the  most  important  in  the 
book,  as  the  author  has  made  this  a  special 
subject  of  research. 

Chapters  III.,  IV.  and  V.  treat  of  Lubricants, 
their  application,  and  the  chemical  and  physi- 


cal tests  to  which  they  should  be  subjected  be- 
fore application  in  important  cases. 

Chapters  VI  and  VII.  deal  with  Experi- 
ments, Testing  Machines  and  the  Coefficients 
of  Friction. 

Chapter  VIII.  treats  of  the  financial  aspect  of 
the  question,  and  exhibits  calculations  of  cost 
of  oil,  loss  of  useful  effect,  etc. 

It  is  a  worthy  addition  to  the  list  of  useful 
books  by  this  author. 


MISCELLANEOUS. 

The  South  Foeeland  Lighthouse  Exfeei 
ments. — The  long  series  of  experiments- 
made  during  last  summer  and  autumn  at  the 
South  Foreland  to  test  the  respective  merits  of 
oil,  gas,  and  electricity  for  lighthouse  illumina- 
tion, have  been  brought  to  close,  and  the  reports 
will  now  be  drafted  and  published.  Pending 
their  appearance,  which  will  necessitate  some 
delay  owing  to  the  voluminous  character  of  the 
observations,  we  may  mention  that  the  evidence 
is  in  favor  of  the  electric  light  on  the  whole, 
because  of  its  far-penetrative  power.  While  the 
rays  of  oil  and  gas  lights  were  lost  sight  of  at  a 
distance  of  eight  miles,  the  electric  light  could 
be  seen  for  fourteen  miles ;  and  with  gas  or  oil 
at  its  maximum  power,  and  visible  for  10  miles, 
the  electric  light  could  be  seen  for  14^  miles. 
Although  the  arc  is  very  much  reduced  in  fogs, 
it  still  appears  to  be  visible  farther  than  gas  and 
oil.  By  direct  testimony  of  observers,  the  elec- 
tric light  became  visible  in  dense  fogs  at  a  dis- 
tance of  1500  feet  to  1900  feet,  whereas  gas  and 
oil  were  only  discerned  at  distances  of  from. 
1250  feet  to  1500  feet.  This  is  an  important 
point,  because  it  was  thought  gas  and  oil  might 
have  the  advantage  over  electricity  in  dense 
fogs  There  is  no^  doubt  that  fog  does  quench 
the  direct  rays  of  the  arc  light  in  a  remarkable 
manner ;.  but  how  much  this  would  diminish  its 
efficacy  in  a  practical  sense  was  not  well  known 
hitherto.  Probably  the  white  haze  surrounding 
the  lamp  is  detected  for  a  considerable  distance, 
although  the  arc  itself  in  a  fog  has  lost  its  bril- 
liance. So  long  as  this  haze  is  seen,  mariners 
will  learn  to  distinguish  it  as  the  lighthouse. 
The  heating  due  to  the  use  of  gas  was  found  to 
be  very  considerable.  With  the  original  88-jet 
burners  the  temperature  rose  to  200  deg.  Fahr. 
but  the  subsequent  use  of  108-jet  burners  brought 
it  to  300  deg.  and  350  deg.  Fahr.  These  burn- 
ers gave  an  illuminating  power  of  2400  candles. 
The  electric  arc  lamps  used  gave  a  light  of  12,000 
candles  each.  Four  of  the  gas  burners  were 
superposed  in  a  quadriform  arrangement,  and 
three  arc  lights  were  sometimes  used.  For  the 
oil  lights  the  Trinity  House  six-wick  burners 
were  employed,  each  giving  a  light  of  800  can- 
dles. We  may  add  that  although  the  experi- 
mental trials  are  for  the  present  over,  the  photo- 
metric observatory  and  testing  towers  will  be 
allowed  to  remain  for  further  use  and  testing 
purposes.  This  is  a  sensible  decision,  since 
whatever  the  results  of  the  trials  at  present,  they 
cannot  be  regarded  as  conclusive  while  the  sub- 
ject of  illumination  is  engaging  so  much  atten- 
tion. 
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I. 


The  two  natural  agencies  which  tend 
to  keep  clear  the  channels  of  tidal  rivers 
and  estuaries  are:  the  tidal  now,  i.  e., 
the  run  of  the  tide,  passing  up  and  down 
such  channels  twice  in  about  every  twen- 
ty-four hours ;  and  the  low-water  now, 
i.  e.,  the  current,  mainly  of  fresh  water, 
passing  through  such  channels  at  the  end  j 
of  each  ebb  tide,  and  up  to  the  begin- 
ning of  the  next  flood.  The  object  of 
this  paper  is  to  investigate  the  relative 
value  of  these  two  agencies,  in  preserv- 1 
ing  the  full  depth  and  section  of  such 
channels. 

The  determination  of  this  relative 
value  is  a  matter  of  very  great  moment 
in  many  practical  questions  of  marine  en- 
gineering, and  much  discussion  has  taken 
place  upon  it.  The  reports  for  1845, 
1846  and  1847  of  the  Commissioners  on 
Tidal  Harbors  in  particular,  contain  many 
opinions,  and  a  considerable  amount  of 
information,  bearing  on  the  subject,  but 
they  cannot  be  said  to  furnish  a  solution 
of  the  problem. 

One  preliminary  remark  must  be  made, 
viz.,  that  no  universal  rule  can  be  laid 
down,  and  that  each  case  must  be  judged 
on  its  own  merits.  This  ^remark  is  so 
much  an  accepted  dictum  in  matters  of 
engineering,  especially  marine  engineer- 
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ing,  that  it  may  appear  superfluous.  But 
in  this  particular  instance  a  universal 
rule  has  been  laid  down  and  supported 
by  engineers  of  eminence,  that  no  en- 
croachment on  tidal  waters  should  ever 
be  permitted ;  in  other  words,  that  noth- 
ing should  ever  be  done  to  diminish  the 
amount  of  tidal  water  flowing  up  and  down 
a  channel.  The  object  of  this  rule  is  to 
prevent  the  silting  up  of  the  channel, 
and  its  ground  can  only  be  the  assump- 
tion that  the  main,  if  not  the  only,  cause 
which  prevents  this  silting  up  is  the  tidal 
flow.  In  the  author's  opinion,  this  as- 
sumption cannot  be  maintained,  and 
grounds  quite  as  solid  might  even  be 
found  for  exactly  the  opposite  rule,  viz., 
that  tidal  water  should  be  wholly  ex- 
cluded from  a  channel,  wherever  possible. 
As  already  stated,  the  author  declines  to 
lay  down  any  universal  rule;  but  his 
study  of  the  subject  has  led  him  to  ac- 
cept as  a  principle,  that  the  main  and  es- 
sential agent  which  keeps  clear  the  chan- 
nels of  tidal  rivers  is  not,  in  general,  the 
tidal,  but  the  low-water  flow. 

This  principle  may  be  supported  by  the 
following  line  of  argument : 

(I.)  The  silt,  which  tends  to  choke  up 
tidal  channels,  is  almost  wholly  due  to 
the  tidal  water,  and  not  to  the  fresh  water. 
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(II.)  The  tidal  water  brings  up  more 
silt  on  the  flow  than  it  takes  down  on 
the  ebb  ;  i.  e.,  on  the  whole,  it  tends  to 
choke  the  channel,  not  to  scour  it. 

(III.)  The  low- water  flow,  if  left  to  it- 
self, scours  away  the  deposit  and  keeps 
the  channel  open. 

(IY.)  Therefore,  where  the  two  act  to- 
gether, the  scour  must  be  due  mainly,  if 
not  entirely,  to  the  low-water  flow,  and 
not  to  the  tidal  flow. 

(I.)  The  silt,  which  tends  to  choke  up 
tidal  channels,  is  almost  wholly  due  to 
the  tidal  water,  and  not  to  the  fresh 
water.  In  some  quarters  the  idea  still 
seems  to  prevail  that  the  mud  of  tidal 
rivers  is  all  brought  down  by  those  rivers 
themselves.  But  if  this  were  true,  then 
rivers,  above  the  tidal  area,  would  carry 
as  much  silt  as  below ;  and  since  they 
are  there  much  smaller,  the  amount  of 
silt  per  cubic  foot,  or  the  muddiness  of 
the  water,  would  be  greater.  The  con- 
trary is  notoriously  the  case.  Let  any 
one  compare  the  current  of  the  Severn  at 
Worcester  with  the  immense  mass  of 
turbid  water  which  occupies  the  Bristol 
Channel ;  or  even  the  Thames  at  Rich- 
mond with  the  Thames  at  Erith.  A  good 
example  on  this  head  is  furnished  by  the 
river  Parret,  at  Bridgewater.  This  river 
is  formed  by  several  streams,  which 
spring  from  the  sandstone  and  limestone 
hills  of  Somerset,  and  unite  in  a  great 
level  plain  many  miles  above  Bridgewater. 
Any  small  amount  of  silt  which  they 
might  wash  down  in  their  earlier  course, 
would  be  deposited  in  this  plain  long  be- 
fore it  could  reach  Bridgewater.  But 
above  and  below  that  town  the  banks 
are  regularly  cut  into  level  benches,  for 
the  sake  of  collecting  the  silt,  which  is 
eventually  made  into  what  is  known  as 
"  Bath  brick.''  The  silt  is  deposited  on 
these  benches  with  great  rapidity,  re- 
quiring to  be  excavated  every  two  or 
three  months,  and  many  thousands  of 
tons  are  thus  abstracted  from  the  river 
annually,  an  amount  which  would  be  ut- 
terly beyond  the  capacity  of  the  river  it- 
self to  supply  in  that  limited  area. 

To  complete  the  proof,  it  is  only  neces- 
sary to  answer  the  question,  Where  does 
this  silt  come  from  ?  In  the  case  last  de- 
scribed, this  is  an  easy  matter.  At  Stert 
Point,  close  to  where  the  Parret  de- 
bouches into  the  Severn,  the  river  can  be 
seen    washing    and    undermining,  for  a 


considerable  distance,  a  vertical  bank  of 
sandy  clay,  exactly  resembling  the  silt 
which  it  deposits  higher  up.  In  other 
cases,  such  as  the  Severn,  the  silt  is  due 
to  the  constant  motion  of  the  waves  beat- 
ing upon  the  wide  muddy  flats  which  lie 
between  high  and  low  water.  The  mud 
on  those  flats,  originally  derived  from  the 
eating  away  of  alluvial  lands  near  the 
estuary,  combined  with  a  small  portion 
of  mud  brought  down  by  the  river  from 
inland,  has  been  rising  and  settling  al- 
ternately under  the  variations  of  weather,, 
probably  for  centuries. 

The  effect  of  waves,  even  of  small  rip- 
ples, in  stirring  up  mud,  has  been  well 
illustrated  in  a  paper  by  Mr.  Charles 
Richardson,  M.  Inst  C.  E.,  read  before 
the  British  Association,  at  Bristol,  in 
1875.  Speaking  of  the  Avon  between 
Bristol  and  Avonmouth,  he  says:  "At 
the  ferry  from  Pill  to  Lamplighters,  the 
Lamplighters  shore  is  entirely  alluvial  y 
and  it  will  be  found  that  during  a  quiet 
season  the  mud  on  that  shore  will  rise 
to  a  level  of  5  or  6  feet,  on  both  sidesr 
above  the  level  of  the  ferry  path.  If,  af- 
ter this,  a  continuance  of  strong  westerly 
winds  sets  in,  the  ripple  on  the  water 
will  gradually  wash  away  the  accumu- 
lated mud  again,  until  it  becomes  almost 
level  with  the  ferry  path.  This  fact 
proves  that  the  tidal  waters  do  of  them- 
selves have  a  tendency  to  deposit  mud, 
but  that  the  ripple,  caused  by  the  wind, 
washes  it  away  again  in  exposed  situa- 
tions near  the  mouth  of  the  river." 

(II.)  The  tidal  water  brings  up  more 
silt  on  the  flow  than  it  takes  down  on 
the  ebb ;  i.  e.,  on  the  whole,  it  tends  to 
choke  the  channel,  not  to  scour  it. — That 
tidal  waters  do  bring  up  the  silt  from 
the  large  estuaries,  where  it  is  raised  by 
wave  action,  into  river  channels,  is  made 
clear  by  section  (I).  That  this  silt  is 
rapidly  deposited  at  the  bottom,  during 
the  period  of  slack  water  at  the  top  of 
the  tide,  is  an  unquestioned  fact,  and  fol- 
lows from  the  laws  of  the  mechanical 
suspension  of  solids  in  water.  That  a 
certain  quantity  of  the  silt  so  deposited 
is  removed  again  during  tbe  run  of  the 
ebb,  and  carried  out  to  sea,  may  also  be 
granted.  The  question  is,  whether  the 
whole,  or  only  part,  of  the  silt  is  so  re- 
moved. If  the  latter,  then  a  certain 
quantity  is  left  behind  after  each  tide, 
and  unless   some    other   agency   super- 
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venes,  the  channel  will  gradually  but 
surely  silt  up.  Now,  that  only  part  and 
not  the  whole  of  the  silt  is  so  removed 
may  be  proved,  in  the  author's  opinion. 
as  follows  : 

(1)  To  ascertain  the  effect  of  any 
cause,  the  best  course  is  to  examine 
cases  where  that  cause  alone  is  operative. 
This,  in  the  matter  of  tidal  scour  can  for- 
tunately be  done.  The  banks  of  any 
tidal  and  muddy  river,  between  high  and 
low  water,  are  fully  exposed  to  the  action 
of  the  tidal  scour,  and  to  that  alone.  It 
is  well  known  that  these  banks  are  gen- 
erally covered,  from  top  to  bottom  with 
a  thick  deposit  of  silt.  This  deposit  has 
certainly  been  brought  up  by  the  flood 
tides,  and  as  certainly  has  not  been  swept 
away  by  the  ebb.  Here,  therefore,  is  a 
proof  that  tidal  waters  cannot  sweep 
away  as  much  mud  as  they  deposit. 

(2)  It  might  be  argued  that  this  only 
applies  to  the  upper  portions  of  these 
banks,  which,  from  the  rapid  fall  of  the 
tide,  are  not  so  long  exposed  to  its  influ- 
ence. But,  apart  from  other  considera- 
tions to  be  subsequently  mentioned,  not 
only  does  the  deposit  retain  about  the 
same  thickness  from  the  top  to  the  bot- 
tom of  the  slope,  but  in  muddy  waters 
the  rise  and  fall  of  a  single  ticle  is  suf- 
ficient to  leave  a  distinct  film  of  silt  over 
the  whole  surface  of  that  slope.  For  in- 
stance, during  tidal  work  at  or  near  low 
water  in  the  Avon  near  Bristol,  the 
planks,  wheelbarrows,  &c,  had  always  to 
be  washed  before  commencing  operations 
at  each  ebb  tide. 

(3)  It  may  be  asked  how  it  happens, 
if  this  deposit  is  always  going  on,  that 
the  channel  is  not  finally  choked  up.  The 
answer  is  that  the  deposit  does  accumu- 
late, until  the  angle  at  which  it  lies  be- 
comes greater  than  the  angle  of  stability 
of  this  soft  and  wet  material ;  a  portion 
then  slides  down  into  mid-channel,  to 
be  carried  away  by  the  low-water  flow, 
and  the  accumulation  commences  afresh. 
This  is  well  described  in  Mr.  Richard- 
son's paper  already  alluded  to,  as  fol- 
lows : 

"  Now,  if  the  river  channel  be  carefully 
observed  at  low  water  of  a  spring  tide, 
flakes  of  mud  may  be  observed  to  slip 
down  into  the  low- water  stream  here  and 
there  as  the  tide  recedes  ;  the  hollows 
these  mud  slips  leave  are  characteristic, 
and  are  plainly  observable  all  along  the 


river  at  low  water.  These  patches  of 
mud  slip  into  the  low- water  channel  as 
they  lose  the  support  of  the  tidal  water 
and  are  then  carried  out  into  the  Severn 
by  the  stream  of  fresh  water.  This  proc- 
ess is  constantly  going  on,  and  is  evi- 
dently the  way  in  which  the  channel  is 
kept  at  its  regular  width,  notwithstand- 
ing the  increasing  deposit  of  mud  by  the 
tidal  waters  at  every  tide." 

(4)  Tt  is  known  (see  Bouniceau, 
"  Etude  sur  la  navigation  des  rivieres  a 
marees  "),  that  the  amount  of  deposit  is 
always  less  in  winter  than  in  summer. 
Since  the  tidal  flow  is  the  same  in  winter 
and  in  summer,  this  can  only  be  due  to 
the  deposit  being  swept  away  by  the  win- 
ter freshes ;  and  it  therefore  shows  that 
the  deposit  diminishes  as  the  scouring 
power  of  the  low- water  flow  increases. 

(5)  Hitherto  the  question  has  perhaps 
been  complicated  by  the  low  water  and 
the  tidal  flow  being  both  present  in  the 
same  river  channels.  But  it  is  easy  to 
find  examples  where  the  former  is  en- 
tirely absent.  In  all  such,  so  far  as  the 
author  is  aware,  the  result  is  the  same- 
viz.,  that  complete  silting  up  does  actu- 
ally occur,  unless  artificially  prevented- 
Every  half-tide  basin  is  a  case  in  point, 
and  it  is  well  known  that  in  muddy 
waters  these  have  always  to  be  kept  to 
the  proper  depth  by  artificial  means.  Two 
special  cases  of  a  more  general  char- 
acter may  be  given  as  further  illustra- 
tions. 

The  first  refers  to  the  mode  in  which 
the  Avon  debouches  into  the  deep  water 
of  the  Severn  at  King  Road.  In  former 
years  the  fresh  water  was  discharged 
through  two  channels,  embracing  be- 
tween them  Dumball  Island,  and  named 
respectively  the  Swash  and  the  North 
Channel.  The  latter  was  the  larger,  and 
was  chiefly  used  by  the  shipping.  When 
the  Bristol  Port  and  Pier  railway  was 
made  from  Bristol  to  Avonmouth,  two 
timber  jetties,  with  landing-places  and 
pontoons,  were  constructed  in  the  North 
Channel,  to  enable  goods  and  passengers 
to  be  landed  for  conveyance  by  the  rail- 
way. About  twenty  years  ago,  however, 
the  tugs  and  other  steamers  plying  be- 
tween Bristol  and  places  down  the 
Bristol  Channel  found  that  they  saved 
time,  as  well  as  distance,  by  taking  the 
Southern  or  Swash  Channel,  whenever 
the   tide  was  sufficiently  high  to  admit 
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of  it.  The  passage  of  these  steamers, 
often  almost  scraping  the  bottom,  gradu- 
ally deepened  the  Swash  Channel,  until 
the  whole  of  the  low-water  flow  was  di- 
verted down  it.  From  that  moment  the 
North  Channel,  though  still  exposed  to 
the  run  of  the  ebb-tide  down  the  Avon 
and  the  Severn,  began  to  slit  up ;  and  so 
rapidly  has  this  process  gone  on  that 
no  vessels  can  now  use  this  entrance  ,  the 
landing-places  and  jetties  have  been  com- 
pletely abandoned;  and  Dumball  Island 
bids  fair,  in  a  few  years,  to  be  connected 
with  the  mainland  by  an  expanse  of  mud 
only  overflowed  at  high  tides. 

The  second  case  is  that  of  the  Chesel 
Pill,  near  New  Passage  on  the  Severn. 
A  "pill"  in  this  district  means  a  tidal 
creek,  into  which  are  discharged,  through 
a  sluice,  the  waters  of  an  inland  water- 
course or  "  rhine."  A  plan  of  the  Chesel 
Pill  is  given  in  Fig.  3.  The  sluice  origin- 
ally stood  at  Bedwick,  about  a  mile  in- 
land, and  the  channel  below  this  was 
tidal.  Some  years  ago  it  was  resolved, 
for  the  benefit  of  the  level,  to  dam  the 
stream  nearer  to  its  mouth.  For  this 
purpose  a  new  sluice  D  was  built  within 
the  horse-shoe  bend  ACB,  and  a  straight 
cut  was  made  from  A  to  B.  The  original 
course  was  then  dammed  at  B,  and  the 
new  cut  opened,  causing  the  water  to 
pass  through  the  new  sluice  D.  The  re- 
sults have  been  as  follows  :  (1)  Above  the 
sluice  D  the  high  banks,  which  were  for- 
merly covered  by  the  tidal  waters  only, 
have  been  overgrown  with  grass,  the 
fresh-water  channel  remaining  the  same  ; 
(2)  Below  the  sluice  D  the  whole  channel 
remains  as  deep  as  ever,  in  spite  of  its 
having  lost  the  scour  of  all  the  tidal 
water  which  formerly  ran  up  to  the  old 
sluice ;  (3)  The  horse-shoe  ACB  has  com- 
pletely silted  up,  although  it  has  had  the 
daily  scour  of  the  tide  running  up 
toB. 

These  two  cases  have  been  dwelt  upon 
as  peculiarly  instructive ;  but  ordinary 
experience  and  observation  in  such  mat- 
ters are  enough  to  teach  that  a  creek,  or 
any  other  space,  left  exposed  simply  to 
the  flux  and  reflux  of  the  tide,  will  in 
time  silt  up  to  something  like  high-water 
level ;  and  this  can  only  be  because  tidal 
waters  tend  on  the  whole  to  choke  and 
not  to  scour. 

(III.)— That  the  low-water  flow,  if  left 
to   itself,   scours   away  the  deposit   and 


keeps  the  channel  open,  is  evident  from 
the  remarks  already  made  as  to  the 
Chesel  Pill,  which  forms  a  salient  instance 
of  the  truth  of  this  statement.  Further, 
ordinary  rivers,  in  parts  above  tidal  influ- 
ences, keep,  with  slight  oscillations,  a  con- 
stant regimen,  and  require  no  artificial 
means  to  maintain  their  channels.  The 
only  exceptions  are  where  rivers,  pre- 
viously charged  with  silt,  descend  into 
wide  and  level  plains,  such  as  those  of 
Lombardy.  But  these  cases  rarely  occur 
in  tidal  waters,  where  the  fall  practically 
coincides  with  the  slope  of  the  land, 
towards  the  sea,  and  is  seldom  very 
small.  As  confirmatory  of  this  it  may  be 
mentioned  that  even  in  tidal  waters  the 
bottom  is  kept  clean  by  the  low- water 
flow.  This  has  been  proved  in  the  Avon, 
where,  in  the  course  of  the  improvements, 
ifc  was  desired  to  deepen  the  channel  for 
some  distance  below  the  Clifton  Suspen- 
sion Bridge.  Although  the  tidal  banks 
are  here  covered  with  mud  to  the  depth 
of  some  feet,  and  the  water  is  always 
thickly  charged  with  sediment,  the  spoil, 
brought  up  by  the  dredger,  proved  to  be 
entirely  composed  of  gravel  and  stones, 
so  clean  that  it  only  needed  the  breaking 
up  of  the  larger  pebbles,  and  the  addi- 
tion of  lime  or  cement,  to  form  excellent 
concrete.  An  exactly  similar  layer  of 
clean  gravel,  mixed  with  bones,  trees,  &c, 
is  found  over  the  whole  of  the  alluvial 
lands  of  the  Avon,  covered  by  about  25 
feet  of  tidal  silt.  This  must  be  the  old 
bottom  of  the  river,  silted  over  as  the 
stream  gradually  worked  its  way  from 
one  side  of  the  valley  to  the  other.  What 
can  be  the  cause  of  this  phenomenon, 
unless  the  silt,  which  is  certainly  deposit- 
ed after  each  tide  (and  most  thickly  in 
the  deepest  water),  is  regularly  swept 
away  by  the  low- water  flow,  in  the  period 
before  the  next  tide  begins  ? 

The  author  has  now,  he  believes,  suc- 
ceeded in  establishing  the  three  proposi- 
tions stated  at  the  outset,  as  constituting 
the  premises  of  his  argument.  If  so,  there 
appears  to  be  no  means  of  avoiding  the 
conclusion,  (IV.)  that  where  the  tidal  and 
the  low- water  flow  act  together,  the  scour 
of  the  channel  must  be  mainly  due  to  the 
latter,  and  not  to  the  former.  A  few  sub- 
sidiary arguments  may  be  added.  The 
scour  of  a  low-water  flow  is  in  its  nature 
self -regulating.  The  velocity,  and  there- 
fore the  scouring  power,  of  the  water,  de- 
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pend  on  the  slope  of  the  bottom.  If  the  , 
bottom  be  anywhere  too  deeply  cut  into,  \ 
this  slope,  from  thence  downward  will  be  | 
lessened ;  the  velocity  will  thereby  fall,  j 
and  the  bottom  will  silt  up  again.  But 
the  scour  of  tidal  flow  would  seem  to  be ' 


of  an  opposite  character.  It  is  due  to 
the  flowing  down  of  a  mass  of  water,  fol- 
lowing the  fall  in  the  level  of  the  ocean 
outside  ;  and  in  proportion  to  the  size  of 
this  mass,  so  apparently  would  be  its 
scouring  effect.     Hence  a  tidal  channel, 
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in  which  the  amount  scoured  out  once 
becomes  larger  than  the  amount  deposit- 
ed, should  go  on  enlarging  indefinitely. 
It  is  needless  to  say  that  such  a  case  is 
unknown.  On  the  contrary,  there  is 
good  reason  for  the  belief  that,  in  allu- 
vial soils,  the  section  of  a  channel  always 
bears  a  fixed  relation  to  the  amount  of 
fresh  water  coming  down.  This  is  illus- 
trated by  the  accompanying  cross  -  sec- 
tions of  the  Avon,  Fig.  4,  Sections  1 — 5, 
token  at  different  points  between  Bristol 
and  King  Koad.  It  will  be  seen  that  the 
low-water  stream  occupies  a  similar  posi- 
tion at  the  bottom  of  each  section  (  be- 
coming somewhat  larger  in  the  lower 
sections),  and  that  the  mud  banks  slope 
up  from  this  at  a  regular  angle,  which  is 
less  at  the  sections  near  the  mouth,  be- 
cause the  mud  there  is  softer  and  wetter. 
In  this  view  the  author  is  supported  by 
Mr.  Eichardson,  who  has  been  a  close  ob- 
server for  many  years  of  such  phenomena 
in  the  Bristol  Channel,  and  who  says  :  "  If 
any  one  will  look  carefully  at  the  differ- 
ent streams  in  the  neighborhood,  he  will 
see  little  streams  with  little  estuaries, 
medium  streams  with  middle-sized  estu- 
aries, and  big  streams  with  large  estu- 
aries ;  the  channel  formed  being  always 
in  proportion  to  the  amount  of  fresh 
water.  This  cannot  be  accounted  for  by 
any  other  supposition  than  that  the  vol- 
ume of  the  fresh  water  determines  the 
size  of  the  estuary,  and  that  the  tidal 
waters  have  nothing  at  all  to  do  with 
it."* 

But  whatever  may  be  the  worth  of  the 
above  argument  as  to  the  slight  value  of 
tidal,  compared  with  low- water  scour,  it 
is  desirable  to  check  it,  if  possible,  by  di- 
rect experiments.  Now,  obviously,  the 
scouring  action  of  any  current  is  due 
solely  to  the  layers  of  water  in  immedi- 
ate proximity  to  the  sides  and  bottom ; 
and  the  main  body,  flowing  above,  has  no 
direct  effect.  This  has  been  frequently 
ignored,  and  perhaps  not  unnaturally. 
If  an  observer  stands  on  the  brink  of 
such  a  river  as  the  Avon,  and  sees  the 
ebb-tide  rushing  past,  at  a  speed  of  sev- 

*  It  is  obvious  that  another  factor  enter  directly 
into  the  determination  of  the  size  of  an  estuary, 
viz.,  the  size  of  the  valley  of  which  the  estuary 
forms  part ;  but  as  the  size  of  the  valley  will  as  a 
rule  govern  the  size  of  the  stream  which  flows  down 
it,  the  effects  of  the  two  factors  are  generally  the 
same.  Of  course  this  does  not  hold  when  the  valley 
has  been  excavated  by  ice  or  otherwise  in  solid 
rock,  like  the  glens  of  Scotland  or  of  Norway.— W. 
R  B. 
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Table  I. — Graeve's  and  Schlichting's  Observations. 

Reference  No. 
of  Experiment. 

Depth. 

Surface  or  Maxi- 
mum Velocity. 

Bottom  Velocity. 

Ratio  of  Bottom  to 
Surface  Velocity. 

Mean. 

Meters. 

Meter  per  second 

Meter  per  second 

S.   I. 

1.4 

0.636 

0.4926 

0.77 

— 

s.v. 

1.8 

0.551 

0.3296 

0.60 

— 

S.  II. 

1.9 

0.714 

0.4752 

0.69 

20 

2.0 

0.79 

0.50 

0.64 

23 

2.0 

0.82 

0.48 

0.59 

22 

2.0 

0.75 

0.43 

0  56 

24 

2.0 

0.78 

0.50 

0.64 

29 

2.0 

0.83 

0.46 

0.55 

►  0.61 

33 

2.1 

0.786 

0.46 

0.585 

49 

2.1 

0.78 

0.47 

0.60 

21 

2.1 

0.79 

0.52 

0.66 

53 

2.1 

0.78 

0.45 

0.58 

28 

2.1 

0.84 

0.53 

0.63 

15 

2.2 

0.83 

0.45 

0.54 

— 

17 

2.2 

0.78 

0.49 

0.63 

— 

14 

2.3 

0.82 

0.50 

0.61 

— 

32 

2.4 

0.805  ■ 

0  48 

0.596 

— 

48 

2.4 

0.81 

0.48 

0.59 

— 

52 

2.4 

0.82 

0.47 

0.57 

— 

9 

2.5 

0.82 

«>.52 

0.64 

— 

11 

2.5 

0.82 

0.56 

0.68 

— 

10 

2.6 

0.81 

0.44 

0.54 

— 

7 

2.7 

0.82 

0.52 

0.64 

— 

6 

2.8 

0.87 

0.55 

0.63 

— 

31 

2.8 

0.855 

0.55 

0.64 

— 

39 

2.8 

1.12 

0.55 

0.49 

— 

47 

2.8 

0.88 

0.55 

0.64 

— 

40 

2.8 

1.19 

0.55 

0.45 

— 

51 

2.8 

0.86 

0.55 

0.64 

— 

42 

2.9 

1.13 

0.55 

0.49 

] 

1 

2.9 

0.88 

0.55 

0.57 

41 

2.9 

1.08 

0.57 

0.53 

44 

2.9 

1.19 

0.67 

0.56 

46 

3.0 

1.10 

0.60 

0.545 

36 

3.0 

1.18 

0.70 

0.59 

50 

3.0 

1.10 

0.60 

0.55 

43 

3.0 

1.16 

0.60 

0.52 

►  0.55 

54 

3.0 

1.10 

0.60 

0.54 

45 

3.0 

1.07 

0  65 

0.61 

35 

3.1 

1.14 

0  62 

0.54 

37 

3.1 

1.13 

0.60 

0.53 

2 

3.1 

0.89 

0.50 

0.56 

38 

3.1 

1  18 

0.70 

0.59 

35 

81 

1.14 

0.57 

0  50 

J 

eral  feet  per  second,  he  is  easily  led  to 
the  idea  that  an  immense  work  of  scour- 
ing must  inevitably  be  going  on.  But  a 
moment's  reflection  will  show  that  it  is 
only  the  velocity  at  the  surface  which  he 
sees  ;  and  that  unless  he  knows  the  ratio 
of  this  surface  velocity  to  that  at  the  bot- 
tom, he  really  knows  nothing  as  to  the 
intensity  of  the  scour. 

It  is  thus  a  matter  of  great  importance 
to  determine  the  ratio  between  the  sur- 
face and  the  bottom  velocity  in  tidal  cur- 
rents ;  and  this  point  the  author  set  him- 
self to  investigate.  The  data  which  he 
was   able  to  discover  were   at   first   ex- 


tremely meagre.  While  a  multitude  of 
experiments  are  recorded  on  the  surface 
and  middle  velocities  of  rivers,  yet,  owing 
perhaps  to  the  difficulties  of  measure- 
ment, the  bottom  velocities  have  been 
generally  omitted,  or  at  least  have  not 
been  recorded  with  exactness. 

Mr.  W.  Bald  states  that  the  bottom 
velocity  of  the  tidal  flow  in  the  Clyde  is 
about  -f  that  at  the  surface,  but  unfortu- 
nately the  depths  are  not  mentioned. 
Bankine  gives  the  ratio  as  f  for  ordinary, 
or  £  for  very  slow  currents. 

The  best  observations  the  author  was 
at  first  able  to  meet  with  were  those  of 
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Graeve  in  the  Oder  and  the  Warthe,  pub- 
lished in  the  "Civil  Ingenieur."  But 
these  experiments  were  only  in  depths 
varying  from  about  2  to  3  meters  (6  feet 
7  inches  to  9  feet  10  inches)  while  even 
in  small  rivers  like  the  Avon  the  tidal 
current  has  a  depth  of  more  than  30  feet. 
The  author,  however,  prepared  the  fol~ 
lowing  Table  I.,  showing,  for  gradually 
increasing  depths,  the  surface  velocity 
(or  the  maximum  velocity  where  this  was 
not  exactly  at  the  surface),  the  bottom 
velocity,  and  the  ratio  of  the  two,  de- 
duced from  Graeve's  experiments.  The 
figures  added  for  the  depths  of  1.4 
meter,  1.8  meter,  and  1.9  meter,  are  from 
Schlichting's  observations  on  the  Memel. 
These  results  present  considerable 
anomalies,  especially  in  the  figures  for 
the  depth  of  2.8  meters.  Taking,  how- 
ever, a  mean  of  the  observations  from  1.9 
meter  to  2.1  meters,  and  also  of  the  ob- 
servations from  2.9  meters  to  3.1  meters, 
it  appears  roughly  that  the  ratio  of  the 
bottom  to  the  surface  velocity  has  dimin- 
ished, between  the  depths  of  2  meters 
and  3  meters  (6  feet  7  inches  and  9  feet 
10  inches),  from  0.61  to  0.55,  or  by  about 
10  per  cent.  It  is  clear  that  if  anything 
like  this  rate  of  diminution  goes  on  as 
the  depth  increases,  the  velocity  at  such 
depths  as  20  to  30  feet  must  always  be 
a  mere  fraction  of  that  at  the  surface. 
This  conclusion  is  confirmed  by  two  ex- 
periments at  such  depths,  given  in  Kevy's 
"Hydraulics  of  Great  Kivers.''  These, 
reduced  to  French  measures  for  compari- 
son, are  as  under : 


Depth. 


Meters. 

6.9 
(22  ft.  8  in.) 

7.4 
(24  ft.  4  in.) 


Surface 
Velocity 


Meter 

per  sec. 

0.593 

0  549 


Bottom 
Velocity. 


Meter 

per  second 

0.256 

0.178 


Ratio  of  Bot- 
tom to  Sur- 
faceVelocity. 


0.43 
0.32 


It  is  to  be  observed,  moreover,  that 
such  observations  cannot  be  taken  exact- 
ly at  the  bottom  (Mr.  Kevy's  were  1  foot 
from  it),  and  that  the  diminution  in 
velocity  close  to  the  bottom  is  very  rapid, 
as  is  shown  by  Graeve's  curves  of  veloc- 
ities, at  different  sections,  four  of  which 
are  reproduced  in  Figs.  5  and  6. 
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The  author's  attention  was  subsequent- 
ly directed,  by  Mr.  Kobert  Gordon,  M. 
Inst.  C.  E.,  to  the  Eeport  of  the  Chief 
Engineer  of  the  U.  S.  Army  for  1878, 
which  contains  a  valuable  record  of  ex- 
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periments  made  by  General  Ellis  in  the 
Connecticut  river,  at  a  part  where  the 
width  varied  from  1,400  to  1,000  feet  and 
the  depth  exceeded  20  feet.  The  veloci- 
ties at  the  surface,  and  at  various  depths 
from  thence  to  the  bottom,  were  meas- 
ured, partly  by  floats  but  chiefly  by 
meter.  With  the  meter,  observations 
could  be  got  as  near  to  the  bottom  as  0.4 
foot  in  some  cases ;  with  the  floats  they 
could  not  be  nearly  so  close,  and  with 
these  the  results  as  to  bottom  velocities 
are  so  irregular  that  the  author  decided 
to  reject  them.  The  meter  observations 
also  presented  several  anomalous  results, 
some  in  one  direction,  some  in  another, 
and  these  also  have  been  rejected.  The 
remainder  are  grouped,  in  Table  II.,  into 
two  classes,  according  as  the  surface  ve- 
locity was  above  or  below  2  feet  per 
second ;  a  division  practically  suggested 
by  General  Ellis,  and  justified  by  the  re- 
sult. 

From  this  table  it  appears  that  for  low 
velocities  the  results  are  too  irregular  to 
allow  any  rule  to  be  formulated,  but  that 
the  ratio  of  bottom  to  surface  velocity 
is  always  small,  varying  on  the  average 
from  0.40  to  0.20,  and  in  some  cases  fall- 
ing as  low  as  0.03.  In  the  higher  veloc- 
ities the  results  are  far  more  regular ;  the 
average  ratio  for  the  observations  at  7 
feet  and  8  feet  is  0.61,  and  for  those  at 
20  feet  and  21  feet  is  0.44,  showing  a 
diminution  between  those  depths  of  28 
per  cent.  The  latter  ratio,  0.44,  agrees 
closely  with  one  of  Mr.  Revy's,  given 
above,  and  the  results  as  a  whole  certain- 
ly go  to  confirm  the  conclusion  already 
formed. 

Another  series  of  experiments,  to 
which  the  author  was  also  directed  by 
Mr.  Gordon,  are  contained  in  the  Report 
to  the  King  of  Holland  on  Dutch  Public 
Works,  for  the  year  1873.  These  experi- 
ments were  carried  out  at  several  places 
in  the  various  channels  of  the  Rhine  and 
Meuse.  These  channels,  though  not 
deep,  are  about  500  yards  wide,  and  the 
results  appear  to  indicate  an  intermedi- 
ate position  between  first-class  rivers, 
such  as  the  Mississippi  and  the  Irra- 
waddy,  on  the  one  hand,  and  ordinary 
rivers  on  the  other.  There  is  a  consider- 
able difference,  generally  ranging  from 
40  to  50  per  cent.,  between  the  records  of 
the  surface  and  bottom  velocities  ;  but 
the  ratio  is  irregular,  and  it  does  not  de- 


crease with  increase  of  depth  to  the  same 
extent  shown  by  the  experiments  given 
in  Tables  I.  and  II.  The  detail  of  some 
of  these  experiments  is  given  in  Table 
III. 

The  above  observations  were  all  made 
in  ordinary  fresh-water  rivers,  and,  in  the 
author's  opinion,  would  not  fully  repre- 
sent the  circumstances  of  the  ebb  in  a 
tidal  channel  a  short  distance  from  the 
sea.  An  ordinary  river  in  a  condition  of 
steady  flow,  may  be  taken  for  theoreti- 
cal purposes  as  being  of  unlimited  length, 
and  a  horizonal  line,  B  C  (Fig.  1),  drawn 
through  the  bottom  of  any  section  A  13, 
will  cut  the  surface  at  some  point,  C,  de- 
termined by  the  average  fall  of  the  river. 
The  triangle  of  water,  ABC  may  be 
considered  as  acted  on  by  the  full  force 
due  to  the  pressure  on  A  B,  and  will 
move  with  a  velocity  such  that  the  work 
done  by  this  pressure  is  just  sufficient  to 
overcome  the  various  resistances  to  the 
flow.  At  every  point  between  B  and  C 
the  conditions  will  be  the  same,  and  the 
water  will  be  moving  with  the  same  steady 
motion.  But  the  case  of  a  tidal  channel 
is  different.  There  the  water  at  some  in- 
termediate point,  D,  falls  into  an  estuary 
or  ocean,  whose  waters  are  either  at  rest, 
or  at  any  rate  are  moving  in  a  direction 
different  from  that  of  the  current  in  the 
channel.  The  waters  of  the  channel,  be- 
low the  level  D  E,  can  only  make  their 
way  iuto  this  estuary  by  displacing  the 
waters  already  there;  and  to  do  this 
must  require  some  expenditure  of  energy, 
especially  as  the  estuary  waters  will,  in 
general,  have  the  higher  specific  gravity 
of  the  two.  The  result  must  be  a  back 
pressure  on  the  water  at  B,  additional  to 
the  resistance  of  friction,  &c,  and,  in 
consequence,  a  retardation  of  its  velocity. 
This  retardation  or  loss  of  energy  will 
apparently  be  greater  as  the  depth  in- 
creases ;  and,  therefore,  near  the  bottom, 
where  the  speed  is  in  all  cases  low,  it 
would  seem  probable  that,  in  tidal  chan- 
nels of  this  character,  the  velocity  may 
be  reduced  to  a  very  small  amount,  or 
may  even  disappear. 

Influenced  by  these  considerations  the 
author  became  anxious  to  obtain  some 
actual  observations  on  the  velocity  at  the 
bottom  of  such  channels  during  an  ebb 
tide.  Some  time  elapsed  before  such  an 
opportunity  presented  itself ,  but  at 
length,  in  March,  1880,   Mr.  Thos.   How- 
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Table  II. - 

-Observations 

ON  THE 

Connecticut  River. 

Velocity  above  2  feet  per  second. 

Velocity  below  2  feet  per  second. 

6 

03 

p 

6    Q3 

Surface 
velocity. 

Bottom 
velocity. 

Ratio. 

Mean 
Ratio. 

03 
Q 

X  +3 

"    05 

O    S 

6    03 

Surface 
velocity. 

Bottom 
velocity. 

Ratio. 

Mean 
Ratio. 

Ft. 

r 
i 

L 

34 
35 
33 
28 
32 

3.88 
3  39 
3.99 
3.96 
3.75 

2.22 

2.29 
2.81 
2.18 
2.86 

0.57 
0.67 
0.70 
0.55 
0.76 

1 
►  0.65 

Ft. 

7 

— 

— 

— 

•{ 

26 

27 
26 

3.68 
4.07 
3.10 

1.83 
2.09 
1.91 

0.50 
0.51 
0.62 

U.54 

8i 

48 
70 

1.03 
1.38 

0.50 
0.41 

0.49 
0.40 

1  0.44 

9 

•J 

81 

83 

1.48 
1.33 

0.30 
0.28 

0.20 
0.21 

J- 0.20 

*>{ 

29 
11 

4.05 
2  54 

2.00 
1.48 

0.49 

0.58 

j-0.53 

»; 

23 

1.61 

0.53 

0  33 

0  33 

11 

— 

— 

— 

— 

— 

11 

— 

— 

— 

— 

— 

12 

10 

2.65 

1.34 

0.51 

0.51 

n{ 

54 

•80 

1.06 
1.70 

0.46 
0.46 

0.43 
0.27 

j-0.35 

13 

— 

— 

— 

— 

— 

.»{ 

39 

47 

1.27 
1.54 

C  04 
0.61 

0.03 
0.40 

|-  0.21 

14 

79 

2.10 

1.34 

0.59 

0.59 

u{ 

14 

22 

1.29 
1.83 

0.25 
0.72 

0.19 
0.39 

io.29 

15 

21 

2.14 

1.09 

0.51 

0.51 

15 

59 

1.23 

0.64 

0.52 

0.52 

2 
30 
20 

78 

3.12 
4.30 

2.17 
2.18 

1.43 
1.89 
1.14 
1.09 

0.46 
0.44 
0.52 
0.50 

}0AS 

J 

16{ 

46 
53 

1.66 
1.30 

0.56 
0.29 

0.34 
0.22 

I  0.28 

17 

8 

3.36 

1.58 

0.47 

0.47 

17 

18 

1.57 

0.73 

0.47 

0.47 

18 

77 

2.49 

0.97 

0.39 

0.39 

18 

17 

1.60 

0.46 

0.29 

0.29 

19 

r 

t 

15 
19 
73 

75 

1.49 
1.62 
1.37 
1.91 

0.36 
0.64 
0.43 
1.24 

0.24 
0.39 
0.31 
0  64 

}>0.39 

J         •- 

20 

44 

2.54 

1.07 

0.42 

0.42 

20 

-I 

42 

3 

41 

3.03 
2.31 

2.80 

1.43 
0.96 
1.30 

0.47 
0.42 
0.46 

U  45 

21 

ard,  M.  Inst.  C.  E.,  Docks  Engineer  to 
the  corporation  of  Bristol,  kindly  placed 
men  and  materials  at  the  author's  dispos- 
al, and  the  necessary  experiments  were 
undertaken  and  carried  out  with  much 
zeal  and  ability  by  Mr.  H.  S.  Hele  Shaw, 


Assoc.  M.  Inst.  C.  E.,  Whitworth  and 
Miller  scholar,  and  assistant  to  the  Pro- 
fessor of  Engineering,  University  Col- 
lege, Bristol.  The  observations  were 
taken  at  a  point,  shown  in  Fig.  5  (Plate 
1),  on  the    "New  Cut,"   at   Bristol,   be- 
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Table  III. — Experiments  on  Lower  Rhine. 
Width  of  river  460  meters ;  distance  from  bank  to  nearest  section,  70  meters. 


! 

Date  of       Number  of 
Experiment.     Section. 

Depth. 

Surface  or  Maxi- 
mum Velocity. 

Bottom 
Velocity. 

Ratio  of  Bottom  to 
Surface  Velocity. 

Mean. 

July  11 
"       6 

V. 
V. 

Meters. 
2.6 

2.85 

Meter. 
1.095 
1.085 

Meter. 
0.70 
0.65 

0.64 
0.61 

-j 

July  22 

IY. 

3.4 

1.395 

0.825 

0.59 

I  0.63 

June  10 

July  15 
"       6 

IV. 

V. 
IY. 

4.0 

4.7 
4.9 

1.27 

1.34 
1.265 

0.85 

0.93 
0.65 

0.67 

0.69 
0.51 

J 

July    6 

II. 

5.4 

1.71 

1.20 

0.70 

— 

July  22 

"       6 

June 30 

III. 
III. 
III. 

6.5 
6.6 
6.6 

1.515 
1.535 
1.475 

0.875 

0.85 

0.77 

0.58 
0.55 
0.52 

1 

July  15 
"     15 

"     12 

III. 
III. 

II. 

7.0 

7.2 

7.5 

1.62 
1.725 

1.775 

1.025 
0.95 

1.10 

0.63 
0.55 

0.62 

y  0.575 

tween  the  Bathurst  and  Cumberland  ba- 
sins. This  cut  is  nearly  straight,  and  is 
well  leveled  at  the  bottom,  being  exca- 
vated in  the  New  Red  Sandstone  rock ; 
it  is,  therefore,  eminently  suited  for  such 
observations,  as  it  is  free  from  errors  due 
to  bends  in  the  river,  or  to  inequalities 
in  the  bottom.  The  observations  were 
made  by  means  of  a  current  meter,  kind- 
ly lent  by  Mr.  Baldwin  Latham,  M.  Inst. 
C.  E.  The  observed  velocities  at  the 
surface  were  checked  by  floats,  and  in  al- 
most all  cases  the  meter  gave  the  higher 
value,  so  that  its  error,  if  any,  was  one 
of  excess.  The  bottom  velocities  were 
taken  by  means  of  a  strong  rod,  let 
down  perpendicularly  from  the  boat  to 
the  bottom,  and  having  a  piece  of  sheet 
iron,  8  inches  square,  on  the  end  to  pre- 
vent its  sinking  in  the  mud.*  The 
meter  was  passed  down  this  rod  as 
far  as  it  would  go,  and  was  then  allowed 
to  run  for  a  fixed  time  (five  or  three  min- 
utes). It  was  then  stopped,  pulled  up 
to  the  surface,  and  the  reading  taken. 
The  middle  velocities  were  determined  in 
the  same  manner.  The  results  are  con- 
tained in  Table  IV.,  and  although,  like 
all   current    observations,   they    present 

*  This  was  found  practically  to  be  needless,  as  the 
bottom  was  clean  rock  ;  a  fact  which  confirms  the  pre 
vious  assertion  as  to  the  power  of  low-water  flow  to 
keep  the  bottom  clear. 


some  anomalies,  they  will  be  found  very 
instructive.  The  small  difference,  vary- 
ing from  1  foot  1  inch  to  2  feet  1  inch, 
between  the  surface  level  at  Avonmouth 
(where  the  Avon  debouches  into  the  Bris- 
tol Channel,  1\  miles  lower  down)  and 
that  at  the  place  of  observation,  brings 
out  strongly  the  difference  already  point- 
ed out  between  this  case  and  that  of  an 
ordinary  river.  It  is  only  in  the  last  se- 
ries, G,  that  the  ordinary  conditions  may 
be  said  to  appear.  Unfortunately,  no 
levels  were  taken  on  the  tide  gauges 
after  1  p.  m.  ;  but,  from  the  rapid  increase 
in  the  difference  between  the  Bristol  and 
Avonmouth  levels  from  12.40  to  1  p.  m., 
it  may  be  conjectured  that  at  1.20  p.  m. 
this  difference  would  have  amounted  to 
at  least  4  feet,  while  at  the  same  time  the 
depth  at  the  place  of  observation  had  di- 
minished to  7  feet.  The  conditions  thus 
approximated  to  those  of  an  ordinary 
river,  and  it  will  be  seen  that  here  and 
here  alone,  the  bottom  velocity  becomes 
considerable,  and  its  ratio  to  the  surface 
velocity  approaches  the  ratios  given  by 
Graeve  for  similar  depths. 

The  bottom  velocities  shown  in  Table  IV. 
are  very  small,  and  not  in  themselves  suf- 
ficient to  move  even  the  finest  silt.  That 
in  E3  was  2  feet  from  the  bottom,  and  it 
will  be  seen  from  F3  and  F4  that  the  ve- 
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Table  IV.— Expeeiments  on  Velocities  of  the  Ebb  Tide  in  the  Rivee  Avon,  Maech  31, 

1880. 

Ebb  commenced  about  10.25  a.m.    Depth  at  high-water,  about  23  feet  6  inches. 


"Sri 

GO    rt 

■g  53 

OQ^1 

Total 
Depth 

at 
Time  of 
Experi- 
ment. 

Position  of  Meter. 

Time  of 
commenc- 
ing Ex- 
periment. 

Dura- 
tion of 
Experi- 
ment. 

Distance 
run  by 
Meter. 

Velocity 

by 
Meter. 

Surface 

Velocity 

by 

Surface 
Floats. 

Level  of 
Surface 
at  Avon- 
mouth 

below 
Surface. 

Al 
2 
3 

Ft.  In. 
(-22  11-3 

At  surface 

11  feet  below 

1  foot  from  bottom 

H.      M. 

10  55 

11  10 
11      3 

Minutes. 

5 
5 
5 

Feet. 

627 

312 

55 

Ft.  per 

Second. 

2.09 

1.04 

0.18 

Ft.  per 
Second. 

1.9 

2.6 

2.6 

Ft.    Ins. 

ll      5 

) 

Bl 

2 
3 

}-  "I 

At  surface 

9£  feet  below 

1  foot  from  bottom 

11    17 
11    32 
11    24 

5 
5 
5 

902 
309 

38 

3.01 
1.03 
0.13 

3.0 

}" 

CI 
2 
3 

1 18    4-5 
)              ( 

At  surface 

8  feet  below 

1  foot  from  bottom 

11    40 
11    55 
11    47 

5 
5 
5 

932 

905 

39 

3.11 
3.02 
0.13 

3.1 

!■■ 

Dl 
2 
3 

>*    ,{ 

At  surface 

7  feet  below 

1  foot  from  bottom 

12      2 
12    19 
12    12 

5 
5 
5 

905 

901 

26 

3.02 
3.00 
0.09 

3.3 

3.0 

}■■ 

El 

2 
3 

I"    ^ 

At  surface 

6  feet  below 

2  feet  from  bottom 

12    25 
12    35 
12    38 

3 
3 
3 

699 
564 
244 

3.89 
3.09 
1.36 

3.3 
3.3 
3.3 

I    1    10 

Fl 

2 
3 

4 

1             \ 

V10  10  <{ 

J    I 

At  surface 

5  feet  below 

2  feet  from  bottom 

9  in. 

12    40 
12    56 
12    45 

12    51 

3 
3 
3 

3 

524* 

614 

300 

19 

2.92 
3.41 
1.67 

0.11  { 

3.3 
3.3 
3.3 

No  ob- 
servation. 

1 

1 
J 

Gl 
2 
3 
4 
5 

7    0 

At  surface 
7  feet  from  bottom 
5     " 
3     " 
lfoot 

1        0 
1        5 
1      10 
1      16 

1      21 

3 
3 
3 
3 
3 

689 
528 
524 
514 
417 

3.83 
2.94 
2.91 

2.86 
2.32 

Do. 
Do. 
Do. 
Do. 
Do. 

3      3 

locity  at  2  feet  may  be  considerable  when 
that  at  1  foot  is  practically  zero.  These 
velocities,  however,  are  given  only  be- 
cause they  were  actually  recorded  on  the 
meter,  and  not  as  being  absolutely  cor- 
rect. Preliminary  experiments  had 
shown  that  it  was  not  possible  satisfac- 
torily to  put  the  meter  into  gear  while  it 
was  at  the  bottom,  and,  therefore,  during 
these  experiments,  it  was  put  into  gear 
before  being  lowered  into  the  water. 
The  effect  of  course  was  that  the  meter 
was  running  during  the  time  it  took  to 
descend  through  the  current,  and  that 
the  distance  thus  run  must  properly  be 
subtracted  from   the    distance  indicated 


at  the  end  of  the  experiment-!  K  this 
subtraction  were  made  there  could  be 
little  doubt  but  that  the  bottom  velocity, 
already  very  small,  would  turn  out  to  be 
absolutely  nothing.  This  was  confirmed 
by  those  who  were  conducting  the  ex- 
periments noticing  that  the  small  plate 
which  has  been  mentioned  as  attached 
to  the  bottom  of  the  rod,  whenever  it 
was  lifted  to  the  top  of  the  water,  was 
found  to  have  a  deposit  of  fine  silt  on 
its  upper  surface.  This  seems  to  prove 
that,  at  the  very  moment  when  an  ebb 
tide  is  running  down  at  a  speed  of  3  to 
4  feet  per  second,  not  only  may  there  be 


*  Probably  there  is  an  error  in  this  reading. 


+  It  will  be  noticed  that  in  the  later  experiments, 
where  the  depth  was  less,  the  distance  thus  run  was 
also  less. 
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Table  V. — Expeeimexts  on  Cueeent  Velocity  ix  the  Ayox,  September  21,  1880. 
Ebb  commenced  about  8.40  a.m.     Depth  at  H.W.  about  26  feet  5  inches. 


Position  of  Meter. 


Time. 


Surface 

Bottom 

6  feet  from  bottom 

Bottom 

Surface 

Middle 

2  feet  from  bottom 

Middle 

Surface 

2  feet  from  bottom 

4  feet  from  bottom 

Bottom 

Middle 

Surface 

1  foot  6  inches  from  bottom, 

Middle 

Surface 

Bottom 

Surface 

Bottom 

Middle 

1  depth 

f  depth 

Surface 

Bottom 

Middle 

i  depth 

1  depth 

Surface 

Bottom 

Middle 

Surface 

Bottom 

Middle 

Surface 

Bottom 

Middle 

Surface 

Bottom 

Middle 


40 
50 


9  55 

10  10 

10  15 

10  21 

10  25 

10  30 

10  33 

10  36 

10  38£ 

10  44 

10  49 

10  52 

11  2 
11  6 
11  10 
11  13 
11  16 
11  20 
11  24 
11  27 
11  30 
11  33 
11  37 
11  40 
11  43 
11  46 
11  50 

11  55 
11 
12 

12  8 
12  11 
12  18 
12  22 
12  24 
12  25 
12  34 
12  37 


58 
1 


Depth  of 

Water. 

Feet. 

Inches. 

22 

8 

21 

0 

20 

0 

17 

4 

16 

10 

16 

0 

15 

9 

15 

2 

14 

10 

14 

6 

14 

0 

13 

6 

13 

0 

12 

6 

11 

4 

11 

0 

10 

8 

10 

4 

10 

0 

9 

6 

9 

2 

Not  taken. 

Do. 

8 

4 

8 

0 

7 

8 

7 

4 

7 

2 

7 

0 

6 

9 

6 

8 

6 

6 

6 

4 

6 

0 

5 

10 

5 

9 

5 

9 

5 

8 

5 

7 

5 

6 

Surface  Telocity 
by  Floats. 


Feet  per  Second. 

4.1 
4.3 
4.5 
4.6 

4.3 


4.4 
4.6 

4.1 

3.6 
3.4 

3.5 


Velocity  by 
Meter. 


Ft.  per 


Second. 

57 

00 

70 

00 

60 

40 

05 

44 

60 

00 

00 

00 

65 

60 

40 

80 

08 

30 

04 

30 

40 

50 

40 

04 

35 

50 

87 

40 

90 

87 

20 

60 

70 

00 

20 

35 

00 

07 

91 

60 


no  scour  whatever  going  on  at  the  bot- 
tom, but  an  actual  deposit  of  silt  may  be 
taking  place.  It  is  obvious  that  the  the- 
oretical views  already  stated  have  met 
with  the  fullest  confirmation. 

In  order,  however,  that  this  point 
might  be  put  beyond  all  doubt,  the  au- 
thor arranged  with  Mr.  Shaw  to  make  a 
fresh  set  of  experiments  with  improved 
apparatus,  and  these  were  successfully 
carried  out  on  the  21st  of  September, 
1880.  In  this  case,  following  an  inge- 
nious suggestion  of  Mr.  Shaw,  the  rod  on 
which  the  meter    was  mounted  (Fig.  2) 


was  made  with  a  feather  on  it,  which 
fitted  into  a  recess  in  the  socket  of  the 
meter.  By  this  means  the  meter^  which 
was  specially  constructed  for  the  purpose 
by  Mr.  Shaw,  could  be  turned  in  any  di- 
rection with  regard  to  the  current  by 
simply  turning  the  rod.  When  being 
lowered  through  the  water  tbe  meter  was 
thus  held  in  such  a  position  that  the 
screw  had  no  tendency  to  revolve  at  all, 
a  position  which  was  found  to  be  nearly, 
but  not  quite,  at  right  angles  to  the  direc- 
tion of  the  current.  When  it  reached 
the  required  depth  (which  was  marked 
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upon  the  rod),  the  meter  was  shifted,  by 
turning  the  rod,  into  the  position  par- 
allel to  the  current,  in  which  it  was 
maintained  by  the  vane  ;  and  it  then  be- 
gan immediately  to  revolve.  Its  scale  of 
measurement  was  carefully  ascertained  by 
preliminary  trials,  in  comparison  with 
floats — a  ship's  log,  which  was  first  used 
for  the  purpose,  not  proving  sufficiently 
accurate  ;  and  it  was  so  carefully  adjust- 
ed and  lubricated  that  the  slowest  cur- 
rent was  sufficient  to  cause  it  to  rotate. 
Under  these  conditions  the  experiments 
were  carried  out,  and  their  results  are 
given  in  Table  V. 

On  this  occasion  the  depth  of  high 
water  at  the  place  of  observation  was 
about  26  feet  5  inches,  and  the  ebb  tide 
began  at  about  8.40  a.  m.  The  first  ob- 
servation was  taken  at  9.40  a.  m.  ;  the 
ebb  had  then  been  running  for  about  one 
hour,  and  had  lowered  the  surface  level 
by  about  3  feet  9  inches,  or  to  a  depth 
of  22  feet  8  inches.  The  first  observa- 
tion showed  that  the  conclusion  drawn 
from  the  former  set  of  experiments,  viz., 
that  there  was  absolute  stillness  at  the 
bottom,  was  correct,  for  while  the  voloc- 
ity  at  the  surface  was  3.57  feet  per  sec- 
ond, that  at  the  bottom  was  zero.  The 
observations  were  repeated  with  the  same 
result,  till  about  11  a.  m.,  when  the  ebb 
had  been  running  about  two  and  a-half 
hours,  and  the  depth  had  fallen  to  about 
11  feet,  or  15  feet  below  high  water  level. 
The  bottom  layers  of  water  then  ap- 
peared to  start  into  activity,  and  to  as- 
sume a  velocity  which  from  that  period 
continued  to  bear  a  tolerably  uniform  ra- 
tio of  about  0.7  to  the  surface  velocity. 
The  experiments  were  ended  at  12.37 
p.  m.,  when  the  whole  of  the  ebb  was 
over,  four  hours  after  it  had  commenced, 
and  one  hour  and  a-half  after  the  bottom 
velocity  had  become  apparent.  The 
depth  was  then  5  feet  6  inches,  and  the 
velocity,  1  foot  from  the  bottom,  about 
two-thirds  that  at  the  surface,  a  result 
which  agrees  very  fairly  with  the  condi- 
tions for  an  ordinary  river,  as  deter- 
mined by  Graeve's  and  Ellis's  observa- 
tions. 

The  foregoing  experiments,  combined 
with  others,  appear  to  justify  the  laying 
down  of  the  following  rules  as  to  the  re- 
lation between  bottom  and  surface  ve- 
locities in  various  cases. 

A.  In  the  largest  rivers  the  bottom  ve- 


locity may  for  the  present  purpose  be 
taken  as  the  same  as  the  surface  velocity, 
varying  within  small  limits  only.  This 
seems  to  be  fully  established  by  the  ob- 
servations of  Humphreys  and  Abbott  on 
the  Mississippi,  and  more  recently  by 
the  numerous  and  careful  observations  of 
Mr.  Robert  Gordon  on  the  Irrawaddy, 
some  of  the  MS.  records  of  which  he  has 
most  kindly  placed  at  the  author's  dis- 
posal. In  such  cases  the  whole  mass  of 
water  appears  to  move  almost  like  a  solid 
body,  independently  of  the  resistances  of 
the  sides  and  bottom.  It  is  possible 
that  the  same  may  hold  of  great  tidal  es- 
tuaries, such  as  that  of  the  Mersey,  but 
on  this  the  author  offers  no  opinion,  as 
he  is  unable  to  find  any  observations  of 
bottom  velocities  made  under  such  cir- 
cumstances. 

B.  In  rivers  of  ordinary  size,  such  as 
the  Connecticut  and  Memel,  the  bottom 
velocity  bears  to  the  surface  velocity  a 
ratio  which  diminishes  as  the  depth  in- 
creases, but  with  too  much  irregularity 
to  allow  of  a  formula  being  constructed. 
Koughly,  the  ratio  may  be  said  to  be 
about  three-fourths  at  a  depth  of  5  feet, 
one  half  at  15  feet,  and  probably  one- 
third  at  25  feet. 

C.  In  ordinary  tidal  channels,  such  as 
the  Avon  below  Bristol,  the  course  of 
events  during  an  ebb  seems  to  be  as  fol- 
lows :  At  first  the  slope  of  the  surface  is 
exceedingly  small  (in  the  Avon  it  was 
about  1^  foot  in  7^  miles),  and,  while 
the  velocity  at  the  surface  is  considerable, 
it  diminishes  rapidly  from  thence  down- 
wards, and  at  some  distance  from  the 
bottom  becomes  nil.  This  continues  for 
about  two-thirds  of  the  ebb,  the  surface 
velocity  increasing  up  to  a  certain  point, 
and  then  becoming  nearly  constant.  Dur- 
ing all  this  time,  not  only  is  no  scour  go- 
ing on  at  the  bottom,  but,  if  the  water 
be  muddy,  an  actual  deposition  of  silt  is 
taking  place.  At  this  time,  after  about 
two-thirds  of  the  ebb,  the  water  has 
fallen  about  three-quarters  of  its  total 
height,  the  slope  of  the  surface  has  con- 
siderably increased,  and  the  conditions 
approximate  to  those  of  an  ordinary 
river.  The  bottom  layers  of  the  water 
then  spring  suddenly  into  motion,  and 
the  ratio  of  bottom  to  surface  velocity  is 
from  thenceforward  approximately  as  in 
the  last  paragraph,  the  surface  velocity  di- 
minishing steadily  as  the  tidal  waters  dis- 
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appear,  until  it  assumes  the  normal  rate 
of  the  low- water  now.  During  this  period 
a  scour  of  the  bottom  is  of  course  going 
on ;  but  as  the  velocity  is  not  much 
higher  than  in  the  subsequent  period  of 
low- water  flow,  the  rate  of  scour  will  not 
be  much  greater,  and  the  actual  scour 
will  be  insufficient  to  .compensate  for  the 
amount  of  deposit  from  the  tidal  waters 
which  has  taken  place,  not  only  during 
the  period  of  high  water,  but  also  during 
the  first  two-thirds  of  the  ebb.  It  must 
follow,  therefore,  that  the  scouring  effect 
of  the  ebb  tide  is  little  or  nothing,  and 
the  observed  incapacity  of  tidal  flows  to 
sweep  away  the  silt  they  have  deposited 
is  amply  and  satisfactorily  explained. 

The  general  investigation  as  to  the  rel- 
ative value  of  tidal  and  low-water  scour 
on  river  channels  may  now  be  considered 
as  concluded.  It  was  begun  by  adducing 
numerous  facts  to  establish  the  proposi- 
tion that  the  effect  of  tidal  flow  was  to 
cause  channels  to  silt  up,  while  the  effect 
of  low- water  flow  was  to  keep  them  open. 
It  was  then  pointed  out  that  the  former 
circumstance  could  only  be  explained  by 
the  hypothesis  that  the  current  at  the 
bottom  of  such  tidal  channels  (the  only 
current  which  has  any  scouring  effect) 
was  very  slow,  even  when  the  surface 
current  might  be  rapid.  Observations 
were  quoted  to  show  that  in  ordinary 
rivers  this  diminution  of  velocity  does 
exist  to  a  large  extent,  and  that  it  in- 
creases rapidly  with  increased  depth. 
Theoretical  reasons  were  then  given  for 
believing  that  in  tidal  channels  this  re- 
duction of  velocity  would  again  be  much 
larger  than  in  fresh-water  rivers,  other- 
wise similar.  Lastly,  it  was  shown  that 
this  view  was  amply  borne  out  by  direct 
experiments,  which  have  demonstrated 
that  in  some  cases,  at  least,  the  bottom 
velocity  is  not  only  reduced,  but  de- 
stroyed, and  that  silt  may  be  settling  on 
the  bottom  when  the  speed  of  the  sur- 
face current  is  at  its  highest. 

To  complete  the  subject,  however,  it 
must  be  observed  that  there  are  certain 
circumstances  in  which  the  passage  of 
tidal  waters  through  a  channel  may  have 
some  effect  in  keeping  it  open.  These 
are,  briefly,  any  circumstances  in  which 
the  tidal  waters  are  so  far  kept  back  on 
the  ebb,  that  a  portion  of  them  remain  to 
increase  the  velocity  of  the  low-water 
flow.     Thus  a  large  tidal  basin  may  be 


supposed  to  be  connected  with  the  sea  by 
a  very  narrow  sluice.  Then  the  flow 
through  the  sluice  would  not  be  able 
either  to  fill  or  to  empty  the  basin  with 
sufficient  rapidity  to  keep  pace  with  the 
variation  of  level  outside  ;  hence,  on  the 
ebb,  it  would  be  low  water  outside  for 
some  time  before  the  current  would 
cease  to  run  through  the  sluice  ;  and  the 
waters  thus  impounded  would  go  prac- 
tically to  increase  the  volume  of  the  low- 
water  flow,  and  no  doubt  to  add  to  its 
scouring  effect.  This  is  probably  a  very 
rare  case.  A  common  one  is  that  of  a 
harbor  having  a  narrow  entrance,  but  ex- 
panding inside  into  a  wide  extent  of  mud 
flats.  A  large  quantity  of  water  soaks 
into  these  flats  during  flood  tide,  when 
they  are  covered  with  the  sea ;  and  when 
the  tide  has  ebbed  this  water  oozes  out 
again,  not  immediately,  but  gradually, 
and,  winding  through  innumerable  de- 
pressions and  channels,  finds  its  way  to 
the  main  entrance.  It  thus  forms,  as  it 
were,  a  spurious  low-water  flow,  which, 
if  the  inland  waters  entering  the  harbor 
are  small,  may  have  a  decided  effect  in 
preserving  the  depth  of  this  main  en- 
trance. In  the  author's  belief,  it  is  in  a 
great  measure  from  the  observation  of 
such  cases,  which  are  common  in  some 
localities  but  rare  in  others,  that  the 
strong  predilection  in  favor  of  tidal  scour 
has  taken  its  rise. 

It  remains  to  inquire  how  far  these 
views  agree  with  the  facts  and  opinions 
adduced  by  various  authorities  on  the 
question,  and  also  to  consider  briefly 
their  practical  effect  on  some  of  the  prob- 
lems of  marine  engineering. 

It  has  been  already  mentioned  that  the 
chief  discussion  of  the  subject,  as  far  as 
English  literature  goes,  is  to  be  found  in 
the  reports  of  the  Tidal  Harbor  Commis- 
sioners for  1845,  1846  and  1847.  From 
these  reports  may  be  quoted  the  evidence 
of  Mr.  James  Walker,  Captain  Washing- 
ton, Sir  John  Kennie,  Mr.  D.  Stevenson, 
Mr.  Scott  Russell,  and  others,  as  strongly 
insisting  on  the  value  of  tidal  scour,  and 
deprecating  any  interference  with  tidal 
areas  under  any  circumstances.  But  the 
value  of  these  opinions  is  somewhat  less- 
ened on  account  of  the  very  meagre  sub- 
stratum of  facts  on  which  they  appear 
to  be  based.  Thus  special  reference  is 
made  to  Southwold  as  a  case  where  great 
injury  was  done  to  a  harbor  by  embank- 


192 


VATS"  NOSTKAND'S   ENGINEEKJNG  MAGAZINE. 


ing  lands  inside,  and  so  diminishing  the 
amount  of  the  tidal  flow.  But  from  Mr. 
Walker's  evidence  the  true  nature  of  the 
injury  appears  to  be  this :  The  action  of 
the  tides  on  the  East  coast,  as  is  well 
known,  is  to  keep  a  bank  of  shingle  con- 
tinually traveling  parallel  to  the  shore,  at 
a  certain  depth  below  high  water.  So 
long  as  the  harbor  in  question  was  kept 
open  to  its  full  extent,  the  stream  issuing 
from  thence  on  the  ebb  was  sufficient  to 
sweep  away  the  encroaching  shingle  as 
fast  as  it  advanced,  and  so  to  preserve  a 
clear  entrance.  After  the  embanking 
this  was  no  longer  the  case  ;  the  shingle 
(aided,  according  to  Mr.  Ellis,  by  a  strong 
easterly  gale)  pushed  forward  in  spite  of 
the  current,  formed  a  bar  across  the  tide- 
way of  the  basin,  and  thus  made  it  com- 
paratively inaccessible.  This  statement 
indicates  a  most  peculiar  case,  which 
must  be  treated  on  its  own  merits,  but 
must  not  for  a  moment  be  allowed  to 
have  any  weight  on  the  general  question 
of  the  relative  value  of  tidal  and  low- 
water  flow.*  Again,  in  the  case  of  Rye, 
Sir  John  Rennie  states,  that  the  harbor 
was  greatly  deepened  by  the  blowing  up 
of  a  sluice,  which  enabled  the  tide  to  run 
further  up  the  country.  But  it  appears 
that  the  failure  of  the  sluice  was  due  to 
a  heavy  land  fresh  ;  and  it  seems  perti- 
nent to  ask,  whether  the  deepening  of 
the  harbor  might  not  possibly  be  due  to 
the  land  fresh  also.  In  its  general  his- 
tory Rye  appears  almost  a  typical  case  of 
a  harbor  gradually  silting  up  from  the  de- 
posit of  tidal  mud,  the  fresh-water  flow 
being  insufficient  to  keep  it  open.  Be- 
yond the  evidence,  such  as  it  is,  of  these 
two  cases,  the  author  has  been  able  to 
find  little  but  simple  expressions  of  opin- 
ion, and  general  axioms,  of  a  more  or  less 
doubtful  character. 

Nor  is  the  weight  of  opinion  entirely 
on  one  side.  Mr.  William  Cubitt,  while 
disposed  to  attach  considerable  value  to 
tidal  scour,  is  most  emphatic  in  pointing 
out  that  there  are  no  principles  of  uni- 
versal application  to  harbor  engineering, 
and  that  there  may  be  many  cases  where 
to  embank  lands  would  not  be  injurious, 
and  to  open  them  to  the  sea  would  not 

*  It  appears  that  there  was  always  shoal  water 
outside  the  harbor  entrance,  and  that  the  shingle 
bar  formed  across  the  top  of  this  shoal.  If  so,  this 
would  bring  the  advancing  shingle  within  the  range 
of  the  surface-current  of  the  ebb,  and  enable  that 
current  to  have  its  proper  scouring  effect.— W.  R.  B. 


be  beneficial.  Mr.  John  Murray  and  Mr. 
W.  C.  Mylne,  in  their  reports  recom- 
mending the  "  dockizing "  of  the  River 
Wear,  speak  of  the  excellent  results 
achieved  in  France  by  sluicing  from 
back-water  reservoirs,  or,  in  other  words, 
by  forming  an  artificial  low-water  flow. 
This  is  confirmed  by  Sir  John  Macneill 
in  his  report  on  Hartlepool  Harbor, 
where  he  points  out  that  the  channel  was 
kept  open  by  sluicing,  while  it  had  silted 
up  when  left  to  the  operation  of  the  tide. 
To  this  testimony  may  be  added  that  of 
perhaps  the  earliest  of  English  marine 
engineers. 

Smeaton's  report  on  Wells  harbor  is  an 
admirable  account  of  what  may  be  con- 
sidered almost  a  typical  case  of  the  ef- 
fects of  scour.  This  harbor  receives 
practically  no  inland  water,  but  has  a 
narrow  entrance,  and  a  considerable  ex- 
tent of  marshy  flats  inside,  through  which 
the  tide  used  formerly  to  find  its  way  by 
small  creeks  and  channels.  Smeaton's 
report  shows  that  the  harbor  has  always 
been  in  a  state  of  slow  decay  from  the 
deposit  of  silt ;  but  that  the  entrance  was 
kept  partially  clear  by  the  tidal  water, 
which,  oozing  among  these  creeks  and 
channels,  gradually  found  its  way  back  to 
the  ocean  ;  that,  to  improve  this  scour, 
a  sluice,  or  rather  a  dam  with  one  nar- 
row opening,  was  erected  to  form  a  back- 
water reservoir  ;  that  this,  for  the  whole 
time  it  lasted,  proved  efficient  in  keeping 
the  harbor  open ;  that,  when  it  fell  into 
decay,  the  authorities,  instead  of  repair- 
ing it,  chose  to  expend  their  money  on  a 
lawsuit  with  certain  parties  who  had  em- 
bank a  portion  of  the  marsh  lands*;  and 
that  the  natural  consequence  of  this 
policy  was  the  destruction  of  the  harbor. 
In  commenting  upon  these  circumstances, 
he  makes  the  following  remarks,  which  in 
the  main  coincide  with  the  author's  views, 
and  are  well  worth  careful  considera- 
tion : 

"  The  reason  why  the  waters  passing 
the  sluice  have  a  greater  effect  in  scour- 
ing than  those  which  return  to  sea  with- 
out passing  the  sluice,  is,  because  by  the 
contracted  opening  of  the  passage  of  the 
sluice,  the  waters  that  lie  in  the  creeks 
behind  it  are  detained  from  ebbing  so 
quickly  as  they  otherwise  would  have 
done ;  that  is,  their  numerous  mouths 
when  always  open,  reduced  the  level  of 
the  water  contained  therein,  to  nearly  the 
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same  level  as  that  of  the  water  in  the 
main  channel  of  the  harbor,  being  stop- 
ped by  dams  made  across  and  united  by 
cross  passages  into  one,  and  the  mouth 
of  this  being  contracted  by  the  work 
called  the  sluice,  a  body  of  water  is  held 
back  in  these  creeks,  as  reservoirs,  which 
not  being  able  to  escape  so  fast  as  the 
tide  ebbs  in  the  main  channel,  it  follows, 
that  a  body  of  water  by  these  means  is 
vended  upon,  and  after  the  half  ebb, 
which  discharging  itself  into  the  har- 
bor's creek,  forms  a  scour  when  the 
depth  is  so  much  lessened  as  to  operate 
with  power  in  grinding  the  bottom, 
which  otherwise  would  have  been  so 
languid  as  not  to  have  stirred  a  grain  of 
sand  or  mud,  in  which  case  its  effect 
would  be  little  or  nothing.  This  arti- 
ficial scour  thus  procured,  in  some  degree 
imitates  the  effect  of  a  fresh-water  river, 
which  in  these  situations  is  very  greatly 
beneficial,  not  from  any  virtue  there  is  in 
fresh  water  preferable  to  salt  in  these 
cases  (if  anything  rather  less  on  account 
of  its  less  specific  weight),  but  from  its 
having  a  fall  from  the  land,  and  proceed- 
ing therefrom  continually  it  not  only 
strengthens  the  ebb,  but  running  to  sea 
at  low  water  when  the  fall  being  greatest, 
and  the  sandy  bottom  exposed  to  its  ac- 
tion, it  continues  to  work  at  a  time  when 
it  can  operate  to  the  best  advantage; 
and  when  the  ordinary  current  of  a  river 
is  assisted  by  extraordinary  land  floods 
and  freshes  from  downfalls  of  rain  and 
snow,  and  this  operating  at  low  water, 
when,  as  just  remarked,  the  fall  is  the 
greatest,  in  such  cases  it  is  capable  of 
producing  extraordinary  effects,  and  of 
keeping  a  harbor  continually  open  with  a 
channel  of  a  given  magnitude,  though 
loaded  with  sands  in  any  possible  degree  ; 
for  a  fresh-water  river  has  this  peculiar 
advantage,  that  at  the  same  time  that  it 
strengthens  the  scouring  power  of  the 
ebb,  it  operates  most  forcibly  at  low 
water  when  there  is  the  least  to  obstruct 
its  operation;  it  opposes  the  tide  of 
flood  from  the  sea,  and  thereby  prevents 
its  bringing  so  much  sand  and  silt  into 
the  harbor  as  otherwise  it  would. 

"  The  defect  therefore  of  this  sluice  of 
Wells  is,  that  though  it  retains  the  waters 
so  as  to  be  behind  the  general  ebb,  and 
thereby  strengthens  the  latter  part  of  it 
considerably  ;  yet  being  at  low  water  all 
spent,  when  the  greatest  good  might 
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otherwise  be  obtained,  it  loses  that  good 
effect  which  would  be  had  from  a  fresh- 
water river,  or  from  a  proper  sluice  ;  that 
is,  one  that  will  retain  the  water  wholly 
till  a  proper  time  of  tide,  and  then  being 
let  go  in  one  collected  body,  is  capable  in 
a  short  space  of  time  of  producing  mar- 
velous effects." 

Lastly,  the  author  may  venture  to  cite, 
in  support  of  his  views,  the  following 
passage  from  the  important  work  of 
Bouniceau  ("  Etude  sur  la  navigation  des 
rivieres  a  marees,"  1815,  p.  68).  After 
speaking  of  the  way  in  which  estuaries 
become  charged  with  silt,  especially  after 
storms,  he  continues  :  "  Deposits  are 
thus  formed  throughout  almost  the  whole 
tidal  course  of  the  river  ;  the  ebb  carries 
back  only  a  part  of  these  deposits,  and 
the  next  tide,  passing  over  the  remainder, 
takes  up  a  part,  and  deposits  it  higher 
up  the  river;  so  that  the  finest  silt  is 
borne  to  a  great  distance  from  the 
mouth.  Each  tide  thus  augments  the 
quantity  of  the  deposits  thus  formedr 
until  a  fresh  in  the  river  scours  away  the 
whole  of  this  alluvium,  bears  it  to  the 
sea,  and  deposits  it  outside  the  mouth. 
It  follows  that,  when  the  river  is  low? 
the  depositing  power  of  the  flood  tide 
exceeds  the  scouring  power  of  the  ebb, 
aided  by  the  fresh  water,  and  by  the 
natural  slope  of  the  channel ;  during 
freshes,  on  the  contrary,  the  latter  power 
exceeds  the  former.  It  will  be  seen, 
therefore,  that  the  ebb  would  not  alone 
be  able  to  keep  open  the  entrance  of  a 
river,  did  not  considerable  freshes  occur 
from  time  to  time  to  increase  its  effect. 
On  our  coasts  the  ebb  only  serves  par- 
tially to  maintain  the  channel,  until  the 
winter  comes  and  re-establishes  it,  scour- 
ing the  bed,  and  enabling  it  to  form  in 
the  next  summer  a  vast  reservoir  for 
scouring  purposes.  If  the  fresh  waters, 
and  mainly  the  freshes,  did  not  thus  lend 
their  aid  to  the  ebb,  if,  from  any  cause, 
their  flow  was  interrupted,  rivers  whose 
estuaries  are  charged  with  mud  would  be 
soon  silted  up  by  the  action  of  the  sea, 
and  before  long  would  be  turned  into 
cultivable  land.  A  striking  example  of 
this  effect  has  been  given  by  the  Somme. 
A  lateral  canal  had  been  constructed  be- 
side this  river  from  Abbeville  to  St. 
Valery.  As  this  was  large  enough  to 
convey  the  whole  of  the  waters,  it  was 
decided  to  dam  the  channel  near  Abbe- 
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ville,  and  thus  direct  the  fresh  waters 
from  their  accustomed  channel.  The 
silting  up  of  the  bed  of  the  Somme  was 
the  almost  immediate  cod  sequence  of  this 
alteration." 

Finally  there  has  to  be  considered 
briefly  the  practical  application  of  the 
principles  brought  out  in  the  course  of 
this  inquiry.  These  principles  may  be 
stated  as  follows  :  The  scouring  power 
of  any  current  depends  wholly  on  its  ve- 
locity at  the  bottom.  This  bottom  ve- 
locity, except  in  rivers  of  the  largest  size, 
is  much  less  than  that  at  the  surface,  and 
in  a  ratio  which  decreases  rapidly  as  the 
depth  increases.  In  the  case  of  a  deep 
tidal  channel  not  far  from  the  mouth,  it 
appears  to  be  absolutely  nil  for  at  least 
the  greater  part  of  the  ebb.  Such  chan- 
nels, if  muddy,  are  never  kept  open  by 
the  operation  of  tidal  scour  alone.  Hence, 
in  general,  excluding  the  largest  rivers 
and  estuaries,  the  maintenance  of  the 
channel  is  mainly,  if  not  entirely,  owing 
to  the  low-water  flow. 

This  flow  is,  of  course,  chiefly  due  to 
the  fresh  waters  of  the  rivers ;  but  the 
rivers  are  swollen  slightly,  perhaps,  in 
all  cases,  and  considerably  in  some,  by 
the  salt  waters  which  continue  to  ooze 
out  from  the  muddy  banks  or  flats  when 
not  covered  by  the  tide.  This  addition 
to  the  fresh  waters  will,  of  course, 
make  the  depth  at  any  point,  and  therefore 
the  slope  and  the  velocity,  greater  than 
it  would  be  if  the  fresh  water  acted  alone. 
This  greater  velocity  will  no  doubt  give  a 
certain  advantage  in  scouring  power. 
But  the  extent  of  this  advantage  cannot 
be  estimated  offhand.  Theoretically, 
however,  it  may  be  roughly  gauged  as 
follows  :  Take  the  section  whose  bottom 
is  exactly  at  the  same  level  as  the  surface 
of  the  water  outside  the  mouth — a  level 
which  will  obviously  be  the  same  what- 
ever the  discharge  of  the  river  may  be. 
Then  the  depth  at  this  section  will  be 
proportional  to  the  slope.  Let  this 
depth  be  H,  and  the  mean  velocity  V. 
Then,  by  the  ordinary  principles  of  hy- 
draulics, V2=CH,  where  C  is  a  constant. 
Suppose  that  it  be  ascertained  by  meas- 
urements that  half  of  this  depth  H  is 
due  to  salt  water,  and  now  consider  the 
effect  of  diminishing  the  area  covered 
by  the  tide  to  such  an  extent  that  half 
of  the  salt  water,  which  at  present  goes 
to  swell  the  low-water  flow,  is  subtracted. 


Believers  in  tidal  scour  would  no  doubt 
assert  that  the  scour,  in  other  words,  the 
bottom  velocity,  would  be  reduced  by 
one-half  also.  To  see  how  far  this  would 
be  the  case,  let  h  be  the  new  depth,  v  the 
new  velocity.  Then,  since  the  discharge 
is  only  f  of  what  it  was  before,        * 

vh=0.1oYB.. 


But  h=-Fr,  and  H: 


V2 


hence,   v*  = 


c ' C  ' 

0.75  Vs,  v=0.91  V;  in  other  words,  the 
mean  velocity  will  be  diminished,  not  by 
50  per  cent,  but  by  9  per  cent.  only.  The 
bottom  velocity  will  be  diminished,  if  at 
all,  by  a  much  smaller  percentage,  since 
it  has  been  shown  that  the  ratio  of  bot- 
tom to  surface  velocity  increases  rapidly 
as  the  depth  decreases. 

The  above,  which  is  merely  an  illustra- 
tion, will  suffice  to  indicate  the  course 
which  it  seems  desirable  to  adopt  in  ad- 
vising on  the  question,  whether  a  given 
diminution  should  be  allowed  to  be  made 
in  the  tidal  area  of  any  particular  river. 
The  low-water  discharge  at  some  point 
below  the  proposed  embankment  should 
be  carefully  measured,  and  the  total  dis- 
charge of  the  inland  or  fresh  waters 
should  be  measured  at  their  entrances 
into  the  tidal  area.  The  difference  be- 
tween the  two  will  show  the  extent  to 
which  the  low- water  flow  is  increased  by 
tidal  waters. 

The  effect  of  the  proposed  operations 
may  then  be  judged  of  by  ascertaining 
how  far  they  will  reduce,  not  the  cubic 
content  of  water  passing  up  and  down 
on  each  tide,  but  the  area  of  mud,  which 
is  submerged  by  the  tide,  and  thence  con- 
tributes to  the  low- water  flow.  It  should 
be  noticed,  however,  whether  this  mud 
lies  nearly  horizontal,  as  inside  a  harbor, 
or  inclined  at  a  considerable  angle,  as  on 
the  banks  of  a  river  ;  since,  in  the  former 
case,  it  will  clearly  retain  the  water 
longer,  and  therefore  be  a  more  effectual 
feeder,  than  in  the  latter. 

This  process  is  neither  difficult  nor 
costly;  and  the  author  submits  that  it 
would,  at  least,  give  a  more  satisfactory 
result  than  the  course,  at  present  com- 
mon, of  condemning  embankments  alto- 
gether. It  would  seem  that  embank- 
ments are  only  to  be  feared  where  the 
fresh-water  flow  is  exceedingly  small,  or 
its  current  exceedingly  sluggish.  Many 
rivers  have  been  embanked,  especially  in 
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early  tiroes,  with  favorable,  rather  than 
unfavorable,  results.  That  the  results 
should  be  favorable  may,  at  first  sight, 
seem  impossible,  but  the  author's  ex- 
periments suggest  a  ready  explanation. 
It  will  be  remembered  that  the  bottom 
velocity  of  the  Avon  remained  at  zero 
until  the  surface  had  sunk  by  about  three- 
quarters  of  its  total  fall.  This  sinking- 
is,  of  course,  due  to  the  passing  away  of 
the  waters  sent  up  by  the  flood  tide. 
Now,  if  the  Avon  were  embanked  say,  by 
building  quay  walls  on  each  side  from 
low-water  mark,  the  content  of  these 
tidal  waters  would  be  reduced,  but  the 
slope  of  the  surface  and  the  velocity  of 
the  ebb  would  remain  as  before.  Hence, 
the  level  would  fall  more  rapidly,  and 
the  point  at  which  the  water  at  the  bot- 
tom began  to  move  would  be  at  an  earlier 
period  of  the  ebb.  The  result  of  this 
would  be  to  diminish  the  time  during 
which  sediment  was  being  deposited,  and 
lengthen  the  time  during  which  it  was 
being  scoured  away  ;  and,  therefore,  it 
would  be  favorable,  not  unfavorable,  to 
the  maintenance  of  the  channel. 

Among  recent  instances  of  such  em- 
banking may  be  mentioned  those  at  Ab- 
erdeen, at  Lynn,  and  on  the  the  Forth  ; 
and  among  early  cases  of  the  kind,  it  is 
impossible  to  forget  that  the  three  larg- 
est rivers  of  England,  the  Thames,  the 
Severn,  and  the  Trent,  were  all  embanked 
in  the  course  of  the  middle  ages,  with 
results  the  reverse  of  disastrous.  Had 
the  modem  school  of  engineering  existed 
in  those  times,  it  is  at  least  probable  that 
all  those  embankments  would  have  been 
condemned  and  forbidden,  and,  in  conse- 
quence, England  would  have  failed  to  ac- 
quire many  hundreds  of  square  miles  of 
her  most  fertile  lands. 

There  is  another  oj^eration  which  may 
be  applied  to  tidal  rivers,  besides  that  of 
embanking  their  shores,  i.  e.,  the  process 
of  "dockizing,"  or  of  excluding  the  tide 
altogether  by  a  dam  at  or  near  the  mouth, 
so  as  to  turn  the  river,  above  this  point, 
into  a  floating  harbor  or  canal.  Any  in- 
dividual case  of  this  kind  will  have  many 
peculiar  circumstances,  which  must  be 
carefully  considered  before  a  decision  is 
-arrived  at,  and  no  attempt  will  be  made 
here  to  discuss  the  general  question. 
But  if  there  is  any  truth  in  the  foregoing 
investigation,  it  at  least  shows  the  ground- 
lessness of  an  objection  frequently  made 
to  such    proposals,  namely,  the   fear  of 


some  unknown  injury  to  the  river  thus 
treated,  or  to  the  estuary  into  which  it 
flows.  It  appears  that  wherever  silting 
takes  place  in  a  channel  it  is  due  to  the 
tidal  waters  laying  down  a  greater 
amount  of  deposit  than  they  can  sweep 
away ;  and  that  from  this  fact  all  tidal 
rivers,  at  least  of  ordinary  size,  would 
gradually  silt  up,  if  it  were  not  for  the 
corrective  influence  of  the  fresh- water  flow. 
Thus,  looked  at  from  the  point  of  view  of 
maintaining  the  channel,  the  entrance  of 
tidal  water  into  an  ordinary  river  can  be 
nothing  but  an  evil ;  whilst  any  deposit 
that  may  result  in  the  estuary  outside 
can  be  easily  removed  by  judicious  scour- 
ing at  low  water,  to  the  effect  of  which 
the  author  can  bear  witness  from  his  own 
experience.  It  would  seem,  therefore, 
that  this  mode  of  turning  dangerous 
rivers  into  canals  deserves  fuller  consid- 
eration than  of  late  years  it  has  received. 
It  is  well  known  that  Smeaton  recom- 
mended the  "  dockizing  "  of  the  Clyde, 
and  it  has  since  been  remarked  how  hap- 
py the  Corporation  of  Glasgow  may 
esteem  themselves  in  that  they  rejected 
his  advice.  The  author  ventures  to 
think  otherwise,  and  the  labor  of  preparing 
this  paper  will  have  been  sufficiently  rec- 
ompensed if  it  help  to  vindicate  the  wis- 
dom of  the  first,  and  perhaps  the  great- 
est, of  English  marine  engineers. 


At  a  meeting  of  the  Meteorological 
Society  in  June,  a  paper  was  read  on 
"  The  Mean  Direction  of  Cirrus  Clouds 
over  Europe,"  by  Dr.  H.  H.  Hildebrands- 
son,  Hon.  Mem.  E.  Met.  Soc.  The  au- 
thor has  collected  a  number  of  observa- 
tions on  the  movements  of  cirrus  clouds 
over  various  parts  of  Europe,  and  after 
discussing  them,  has  arrived  at  the  follow- 
ing results : — (1)  The  mean  direction  at 
all  stations  lies  between  south-west  and 
north  west ;  (2)  in  winter  the  cirri  come 
from  a  more  northerly  direction,  and  in 
summer  from  a  more  southerly ;  in  winter 
the  northerly  component  is  greater  on  the 
Baltic  and  the  north  coast  of  the  Mediter- 
ranean ;  (4)  the  mean  directions  of  the 
upper  currents  nearly  coincide  with  the 
mean  tracks  of  storm  centers  ;  (5)  the  up- 
per currents  of  the  atmosphere  tend  in 
general  to  flow  away  from  those  areas  in 
which  a  barometrical  depression  exists  at 
the  earth's  surface  towards  those  in  which 
there  is  an  elevation  of  pressure. 
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A  SKETCH  OF  KOMAN  BUILDING  CONSTRUCTION.* 

By  W.  T.  OLDEIEVE. 
From  "The  Building  News." 


To  disentangle  the  architectural  con- 
ceptions of  a  people  from  that  which  is 
borrowed  or  inherited  by  tradition,  leav- 
ing that  which  can  justly  be  called  their 
own,  is  a  task  by  no  means  easy.  Archi- 
tectural writers  have,  in  attempting  it,  en- 
tered upon  an  arena  of  strife,  which  to 
the  amateur  and  the  professional  student, 
is  not  a  little  perplexing.  It  is  only  neces- 
sary in  this  "  sketch  "  to  assume  that  we 
may  legitimately  call  that  Koman  which 
the  Romans  first  made  a  principle  of  con- 
struction or  design,  although  the  primary 
forms  adopted  may  have  been  previously 
used  by  other  nations.  It  is  proposed  to 
consider  the  sub j  ect  under — I.  Principles 
and  forms  of  Roman  construction.  II. 
Processes  and  methods.  III.  Materials 
and  workmanship. 

I. PRINCIPLES   AND    FORMS. 

Although  the  Romans  used  the  three 
"  orders,"  it  was  in  some  important  re- 
spects in  a  different  manner  to  that  in 
which  the  Greeks  made  use  of  them. 
The  Romans  did  not  rest  satisfied  with 
them,  nor  did  they  enter  wholly  into  the 
spirit  of  an  epistyle  construction  as  the 
Greeks,  whose  purity  of  form  and  delicacy 
of  line  were  never  appeciated  by  the 
Roman  architects.  While  the  architecture 
of  the  Greeks  is  expressive  of  an  artistic 
and  refined  simplicity,  that  of  the  Romans 
is  expressive  of  vast  resources,  indomit- 
able energy,  and  great  constructive  skill. 
The  Greeks  so  designed  their  buildings 
that  no  decoration  or  adornment  was 
needed  as  a  necessity  to  make  them  artis- 
tic, for  the  artistic  spirit  is  in  the  con- 
struction. Not  so  is  it,  as  a  principle, 
with  the  architecture  of  the  Romans  ;  the 
form  which  covers  the  construction  is 
often  independent  of  it.  This  may  be 
stated  as  a  first  principle  in  Roman  con- 
struction. Undoubtedly  the  most  char- 
acteristic feature  in  the  buildings  of  the 
Roman  period  is  the  arch.  The  Romans 
first  used  it  in  a  true  sense  architecturally 
and  consistently,  although  its  use  can  be 


*  Being  the  Cousin  Prize  Essay  in  the  Class  of  Fine 
Art,  Edinburgh  University,  Session  1884-85. 


traced  back,  in  a  more  or  less  perfect  form, 
to  almost  all  the  ancient  nations.  In 
adopting  the  arch  as  an  architectural 
feature,  the  column  and  the  entablature 
were  not  discarded  by  the  Romans,  though 
they  show  by  their  great  vaults  and 
domes  that  they  could  constructively  have 
been  dispensed  with.  It  is  generally  as- 
sumed that  in  the  combination  of  arch 
and  epistyle  in  the  Roman  facade,  the 
arch  and  wall  are  Roman,  and  the  column, 
&c,  are  borrowed  from  the  Greeks. 
Semper  has  entered  a  protest  against  this 
assumption,  and  asks  why  the  column 
should  be  borrowed  by  the  Romans  from 
the  Greeks  when  both  nations  belonged 
to  the  same  family  and  started  with  the 
same  traditions,  and  when  the  column  is 
found  as  early  in  Italy  as  in  Greece.  It 
is  probable  that  the  column  and  entab- 
lature were  used  as  the  natural  construc- 
tion, and  the  wall  and  arch  introduced  in 
the  buildings  of  several  orders  in  height,, 
as  the  Colosseum,  to  support  the  upper 
stories  as  well  as  to  form  an  outer  screen. 
A  feature  was  thus  added  which  gave  in- 
crease of  strength,  while  preserving  the 
columnar  principle.  Viewed  in  this  way 
the  Roman  combination  of  column  and 
arch  is  not  an  architectural  scandal,  though 
this  is  frequently  taught.  It  is  consid- 
ered not  improbable  that  this  combina- 
tion was  introduced  from  some  of  the 
Hellenistic  cities,  though  its  introduction 
does  not  seem  to  have  been  clearly  traced. 
The  first  Roman  example  is  believed  to 
be  the  Tabularium  at  Rome,  b.  c,  78. 
Another  combination  of  the  same  nature, 
though  less  def  endable,  is  the  use  of  piers 
or  mullions  in  an  arch-headed  aperture. 
This  can  only  be  mentioned  here.  The 
Pantheon  at  Rome  exhibits,  in  its  front 
external  elevation,  the  curious  effect  pro- 
duced by  the  pedimented  portico  placed 
in  front  of  a  domed  circular  structure. 
Fergusson  and  others  have  held  that  the 
portico  is  a  later  addition,  but  authorities 
are  pretty  generally  agreed  that  this  is 
not  so.  It  is  in  the  use  of  the  arch  prin- 
ciple as  a  vault  that  the  Romans  have 
gained  pre-eminence.     Vaulting  was  no- 
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doubt  used  earlier  in  underground  tun- 
nels, &c,  and  the  Hellenistic  city  of 
Mitylene  in  Asia  Minor  is  supposed  to 
have  furnished  the  model  for  the  first 
Koman  stone-constructed  theater  on  flat 
ground,  b.  c.  50,  where  arches  supported 
the  rows  of  seats  ;  while  a  writer  of  about 
b.  c.  40,  referring  to  the  city  of  Alexandria, 
says  that  the  buildings  were  without 
boarding  or  timber  of  any  kind,  so  that 
vaulting  seems  to  have  been  in  common 
use  there.  In  no  part  of  the  architecture 
of  the  Romans  can  we  get  a  better  knowl- 
edge of  the  principles  which  guided  them 
in  their  treatment  of  the  arch.  Although 
the  vast  extent  of  their  undertakings 
seems  at  first  sight  to  indicate  that  they 
were  lavish  in  their  expenditure  of  labor 
and  materials,  a  more  careful  examination 
shows  that  there  was  really  a  feeling  of 
economy,  and  that  there  is  a  correspond- 
ence between  the  extent  of  the  building 
and  the  means  adopted.  By  their  scien- 
tific and  constructive  skill  in  the  use  of 
the  vault,  the  Romans  produced  in  their 
structures  perfect  solidity  and  incompar- 
able grandeur  with  a  minimum  of  expen- 
diture. In  following  out  our  next  divi- 
sion of  the  subject  under  consideration, 
we  shall  be  able  to  trace  in  detail  the  care- 
fully considered  economy  of  parts  and 
labor  which  was  practiced  in  Roman  build- 
ing s,  as,  for  instance,  the  brick  rib  and 
concrete  filling  principle  of  vaulting,  and 
the  hidden  buttresses  in  the  thickness  of 
the  walls  of  the  Pantheon,  whereby  greater 
resistance  to  the  pressure  of  the  vaulting 
was  obtained  than  if  the  walls,  20  ft. 
thick,  had  been  solid,  though  only  half 
the  quantity  of  materials  was  used. 

II. PROCESS  AND  METHODS. 

It  will  be  necessary,  in  order  to  keep 
within  the  limit  of  a  short  class-essay,  to 
confine  our  inquiry  to  Roman  building 
construction  in  its  most  limited  sense, 
not  giving  much  attention  to  the  great 
engineering  works  of  the  Romans  in  the 
shape  of  viaducts,  bridges,  &c,  which 
they  have  left  in  so  many  parts  of  the 
world.  Again,  of  the  processes  and 
methods  of  build  construction  adopted 
by  the  Roman,  only  those  which  are  pecu- 
liarly characteristic  need  be  referred  to. 
The  arch  and  vault  were  constructed  both 
of  stone  and  of  brick  and  concrete ;  the 
round  arch,  the  barrel  and  the  domed 
vault  being  almost  the  only  forms  used. 


When  of  stonework,  the  arch  stones,  or 
"  voussoirs,"  were  carefully  hewn  to  the 
proper  form  and  built  in  alternate  bands, 
thus  economizing  the  centering.  The  old 
Roman  baths  at  Nimes  (now  called  the 
Temple  of  Diana)  offer  a  good  example  of 
this  construction.  Another  form  of  stone 
barrel  vaulting  was  constructed  with  stone 
ribs  and  slabs  between,  and  is  interesting 
as  bearing  a  resemblance  to  what  is  found 
in  some  early  Christian  churches  in  Syria. 
It  seems  a  little  astonishing  that  the 
Romans  with  all  their  constructive  skill, 
avoided  groining  in  their  stone  cross- 
vaults.  Wherever  square  stone-vaulting 
met,  the  stone  construction  would  be 
stopped  and  the  vault  worked  in  brick 
and  concrete.  In  sloping  vaults,  as  the 
entrance  passages  to  the  amphitheaters, 
the  arching  was  sometimes  executed  in 
stepped  rings,  each  separate  arch  stand- 
ing vertically,  and  thus  exerting  no  press- 
ure upon  the  lower  part  of  the  vault.  The 
inside  of  the  stones  would,  in  this  con- 
struction be  dressed  off  to  the  slope, 
probably  after  the  stones  were  set  in  posi- 
tion. In  the  passages  with  converging 
sides  the  voussoirs  were  sometimes  ar- 
ranged thus,  with  the  line  of  keystone 
and  the  lines  of  springing  stones  of  paral- 
lel widths,  the  filling-in  stone  being  wedge- 
shaped  on  plan.  At  other  times  the  side 
and  key  stones  were  wedge-shaped  on 
plan  and  the  filling-in  stones  were  paral- 
lel. In  the  construction  of  the  oblique 
arch,  the  abutments  of  the  stone  rings 
were  built  at  right  angles  to  the  faces 
of  the  rings,  the  stones  being  cut  to  the 
required  obliquity.  The  brick  and  con- 
crete vault  is  most  characteristic  of  Roman 
construction,  although  it  does  not  date 
further  back  than  the  time  of  Augustus. 
It  is  thought  probable  that  this  too  came 
from  the  Hellenistic  cities.  Had  the  great 
Roman  vaults  been  "cast"  entirely  of 
concrete,  the  timber  centering  would  have 
shrunk  during  the  execution  of  so  exten- 
sive a  work  and  caused  cracks  in  the  con- 
crete which  might  have  led  to  an  entire 
collapse.  Viollet-le-Duc  calculated  that 
the  centering  for  the  dome  over  the  Pan- 
theon would  have  sunk  about  20  inches  in 
from  three  to  six  months  if  constructed 
over  the  whole  area  at  once,  like  an  inverted 
basin.  To  avoid  this,  and  to  give  elastic- 
ity to  the  whole  covering,  the  Romans 
constructed  light  ribs  of  brick  and  filled 
in   between   them   with   concrete.      The 
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brick  ribs,  unlike  those  in  the  Gothic 
periods,  were  not  intended  to  be  decora- 
tive features  and  so  were  not  permanently 
exposed,  The  concrete  filling  was  eco- 
nomical, only  easy  straightforward  labor 
being  necessary.  I  may  also  mention  a 
building  on  the  Palatine  at  Kome.  Here 
the  ribs  are  made  up  of  cells  formed  by 
large  flat  bricks,  2  ft.  square,  and  smaller 
bricks  2  ft.  by  6  in.,  their  thickness  being 
2  in.  The  cellular  construction  was  some- 
times applied  to  the  whole  vault,  as  at  the 
Palatine,  and  as  here  illustrated.  The 
cells  gave  support  to  the  concrete,  both 
by  adhesion  and  by  their  wedge  shape. 
The  concrete  filling  between  the  brick 
ribs  appears  to  have  been  sometimes 
arched  on  the  upper  surface;  but  it  is 
not  very  easy  to  see  how  this  could  have 
added  much  to  the  strength  of  the  vault. 
The  great  example  of  Eoman  barrel  vault- 
ing is  that  over  the  Basilica  of  Constan- 
tine,  near  the  Colosseum  at  Rome,  the 
span  being  no  less  than  80  ft.  The  cas- 
ettes  here,  as  in  the  Pantheon,  and  other 
examples,  greatly  reduce  the  weight  of 
concrete,  while  not  causing  any  decrease 
of  strength,  for  where  the  casette  is  most 
deeply  sunk,  an  approximation  to  the  form 
of  an  arch  is  formed,  as  shown  by  dotted 
lines  on  sketch.  The  wood  moulds  fast- 
ened to  the  centering  before  the  concrete 
was  filled  in  would  greatly  assist  in  secur- 
ing the  ribs  in  their  position  laterally. 
Exception  might  perhaps  be  taken  to  the 
smaller  sinkings  in  the  face  of  the  ribs, 
as  in  the  Pantheon.  If  the  ribs  were  in- 
tended to  be  displayed,  these  sinkings 
would  certainly  be  most  objectionable, 
but  the  objection  is  at  least  answerable 
when  we  recognize  that  the  principle  of 
the  Roman  architects  was  not  to  display 
the  parts  of  construction,  but  to  con- 
struct a  framework  and  apply  a  cover- 
ing, thus  following  the  principle  of 
overlaying,  which  is  observed  to  govern 
many  styles  of  architecture.  There  is 
still  another  method  of  constructing  the 
vault  which  was  used  by  the  Romans, 
namely — that  by  which  the  vault  was 
formed  by  layers  of  tiles  or  flat  bricks 
over  the  centering.  The  arching  was  re- 
duced, as  much  as  possible,  by  carrying 
up  the  wall  considerably  above  the  line 
of  springing.  This  system  has  the  ad- 
vantage that  skeleton  centering  would 
serve  the  purpose  of  supporting  the  tiles 
at  their  joints.     This  construction  is  still 


in  use  in  Italy.  In  dealing  with  cross 
vaults  the  Romans  preferred  to  have  two 
barrel  vaults  of  the  same  span,  but  they 
sometimes  stilted  one  vault  to  have  both 
crowns  on  a  level.  Oblong  vaults  were 
occasionally  used,  but  the  square  were 
preferred.  The  groins  in  cross  vaulting 
of  the  brick  and  concrete  construction 
were  formed  in  a  similar  manner  to  the 
ribs  already  described ;  the  lower  edges 
of  the  bricks,  however,  had  to  be  either 
specially  molded  to  the  proper  angle 
before  the  bricks  were  burnt,  or  cut  to 
the  exact  line  after  being  set  in  position. 
Where  the  groin  ribs  meet  at  the  crown 
of  vault  no  attempt  was  made  to  make  a 
finished  junction  or  miter,  one  rib  was 
carried  over  unbroken,  and  the  other  sim- 
ply butted  up  against  it  on  either  side, 
A  sketch  of  the  cross  vaulting  over  the 
Therme  of  Diocletian  will  illustrate  what 
has  been  said.  Domical  vaulting  was  ex- 
ecuted by  the  Romans  in  a  very  similar 
manner  to  the  brick  rib  and  concrete 
barrel  vaulting.  At  the  Pantheon  the 
ribs  are  probably  of  brick,  and  carried  up 
of  the  same  width  to  the  top,  where  they 
abut  against  the  curb  of  the  hypsethral 
opening.  Viollet-le-Duc  thus  vividly  de- 
scribes this  master-piece  of  spherical  vault- 
ing : — "  "What,  in  the  Pantheon  at  Rome, 
is  it  that  produces  the  most  lively  impres- 
sion? It  is  that  immense  vault  which 
derives  all  its  decoration  from  its  very 
structure;  it  is  that  single  opening  for 
light,  26  ft.  in  diameter,  perforated  in  its 
summit,  through  which  the  zenith  is 
seen,  and  which  throws  upon  the  pave- 
ment of  porphyry  and  granite  a  large  cir- 
cle of  light.  It  is  there  that  the  genius 
of  the  Roman  appears  in  full  strength. 
So  great  is  the  elevation  of  this  orifice 
above  the  floor,  that  its  enormous  open- 
ing scarcely  affects  the  internal  temper- 
ature. The  most  violent  storms  scarcely 
send  down  a  breath  of  air  on  the  head  of 
a  person  standing  beneath  its  orbit ;  and 
when  it  rains,  the  drops  are  seen  falling 
perpendicularly  down  upon  the  pavement 
of  the  Rotunda,  on  which  they  describe  a 
circle  of  wet.  The  cylinder  of  rain  drops, 
falling  from  that  height  through  the 
space  of  the  building,  renders  sensible  the 
immensity  of  that  space.  It  is  in  concep- 
tions like  this  that  the  Roman  is  really 
grand,  because  they  are  the  outcome  of 
his  own  genius,  and  because  for  their  exe- 
cution he  borrows  from  no  one,  nor  asks 
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the  aid  of  any  artist  whose  nature  is  for- 
eign to  his/'  The  diameter  of  this  build- 
ing is  143  ft.,  the  height  from  floor  to  top 
of  dome  is  the  same,  and  the  springing  of 
the  vault  is  half  way  up.  The  spaces  be- 
tween the  ribs  are  filled  in  with  concrete 
and  casseted  or  coffered,  with  four  sink- 
ings so  arranged  that  a  spectator  in  the 
center  of  floor  sees  all  the  margins  of 
sinkings  of  equal  width.  A  rosette  of 
gilded  bronze  was  originally  placed  in  the 
center  of  each  coffer,  and  bronze  orna- 
ments decorated  the  borders.  An  old 
writer  states  that  he  saw  the  manner  of 
the  construction  of  the  dome  during  some 
repairs,  and  that  there  are  series  of  arches. 
If  this  is  the  case,  this  outer  system  of 
arched  reticulation  must  be  regarded  as 
an  additional  means  of  bracing  the  cupola. 
Nothing  need  be  said  of  the  portico,  ex- 
cept that  its  roof  was  originally  supported 
by  bronze  girders  of  the  section  of  an  in- 
verted rectangular  trough,  which  fact  is 
interesting  as  pointing  to  the  existence 
of  so  early  an  example  of  tubular  metal 
girders.  Prof.  Adler  has  described  the 
scientific  construction  of  •  this  building, 
and  points  out  that  the  cupola  is  really 
supported  by  eight  pillars  and  strength- 
ened by  the  upper  buttresses,  the  re- 
mainder of  wall  being  merely  filling  in 
between  the  constructive  parts.  Prof. 
Adler's  restoration  of  the  upper  story  of 
the  Pantheon  is  now  generally  acknowl- 
edged by  authorities.  Roman  domes  and 
vaults  were  not  protected  by  outer  roofs 
as  in  more  modern  examples,  the  interior 
only  being  considered  by  the  architects. 


in. 


-MATERIALS  A2sD    WORKMANSHIP. 


The  ordinary  mason's  work  of  the 
Romans  was  not  executed  in  large  blocks 
of  stone,  as  the  smaller  were  more  eco- 
nomically worked.  It  is  true  that  large 
blocks  of  stone  are  found,  of  Roman  work, 
in  the  temple  at  Jerusalem  ("  Opus 
Quadratum"),  but  they  are  evidently  in 
imitation  of  the  older  work  of  Solomon's 
temple.  Foundations  and  first  courses 
are  often  of  stone  when  the  other  parts 
of  walls  are  of  brick  strengthened  by 
timber.  Two  kinds  of  exterior  facing  to 
stone  walls  are  mentioned  by  Vitruvius 
as  commonly  used  by  the  Romans,  "  Re- 
ticulatum "  (net-like),  and  "  Incertum," 
(irregular),  Vitruvius  says  that  the  for- 
mer was  the  method  in  general  use  in  his 
day,  and  the  latter  the  ancient  method. 


A  limestone  called  Travertine  was  much 
used  in  Rome  ;  the  Colosseum  and  other 
buildings  being  built  of  it.  Travertine, 
Saxum  Tiburtinum,  is  a  calcareous  deposit 
found  along  the  course  of  the  Anio  and 
Aqua  Albula,  by  whose  waters  it  is  de- 
posited, but  most  plentifully  in  the  neigh- 
borhood of  Tivoh,  the  ancient  Tibur, 
whence  its  name  is  derived.  When  first 
taken  from  the  rock  it  is  soft  and  easily 
cut,  but  the  longer  it  is  exposed  to  the 
air  the  harder  it  becomes.  This  may  be 
ascertained  by  comparing  its  state  in  the 
native  rocks  near  Tivoli  with  the  exterior 
walls  of  the  Colosseum.  For  less  exposed 
work,  as  the  interior  of  walls,  and  where 
covered  by  plaster,  soft  Tufa  was  used, 
and  a  hard  volcanic  substance  called  Pep- 
perine,  which  could  be  exposed  to  the  air 
with  more  freedom.  Very  many  buildings 
in  Rome  are  composed  of  it.  Basalt  was 
principally  used  in  paving  roads  and 
streets;  but  it  is  also  to  be  found  em- 
ployed in  consolidating  and  packing  other 
stones,  as  in  the  interior  of  the  wall  of 
Servius  Tullius,  &c.  Pumice  was  only 
used  to  lighten  a  building,  as  in  the  vault 
of  the  Pantheon  and  in  the  Colosseum. 
Marble  was  imported  for  monolithic  col- 
umns, and  was  much  used  in  slabs  for 
lining  interior  of  walls,  &c.  It  was  the 
boast  of  Augustus  that  he  had  found 
Rome  brick  and  left  it  marble.  The  chief 
supply  of  white  marble  was  derived  from 
Luna,  called  "  Marmor  Lunense,"  and  the 
same  quarries  are  still  worked,  the  marble 
being  well  known  by  its  modern  name  of 
Carrara.  The  white  marbles  of  Greece 
were  also  occasionally  employed.  Of  col- 
ored marbles  the  most  esteemed  are  the 
Rosso,  Verde,  and  Giallo  Antico,  and 
Cipollino,  Africano,  and  Pavonazetto. 
Roman  bricks  were  of  different  forms  and 
sizes ;  flat  tile-like  bricks  were  generally 
used,  some  found  2  ft.  square  and  2  in. 
thick,  others  14  ft.  by  1  ft.  and  1 J  in.  thick. 
A  triangular  form  for  "opus  latinitium," 
was  also  used  in  facing.  Vitruvius  de- 
votes a  chapter  to  a  description  of  bricks. 
About  the  time  of  Constantine  a  practice 
was  introdrced  of  using  large  jars  of 
baked  clay  (Testaa)  to  diminish  the  weight 
of  a  dome  or  the  upper  part  of  a  wall. 
The  Romans  are  famous  for  their  mortar 
and  cement,  the  excellence  being  due  to 
the  use  of  Puzzolana  earth,  which  was 
used  along  with  the  lime.  The  Puzzo- 
lana  is   a  volcanic   substance   and   veiy 
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abundant  in  every  part  of  the  Campagna 
di  Roma,  and  the  extent  to  which  it  was 
used  is  shown  by  the  vast  caverns  which 
form  the  catacombs.  The  name  Puzzo- 
lana  is  said  to  be  derived  from  the  Pulvis 
Puteolana,  which  was  a  similar  substance 
found  near  Puteoli,  now  Puzzuoli.  Con- 
crete was  most  used,  as  we  have  already 
seen  in  considering  the  processes  and 
methods  of  construction.  It  was  always 
covered  with  a  facing  of  finer  material. 
The  method  of  laying  concrete  was  by  an 
even  bed  of  mortar  6  in.  to  8  in.  thick, 
first  put  down,  and  then  the  stones  pressed 
into  it  while  soft,  until  the  desired  solid- 
ity was  attained.  This  process  was,  of 
course,  only  applicable  where  there  was 
resistance  to  lateral  pressure.  Plaster 
work  (intonacum)  was  brought  to  great 
perfection,  particularly  for  coating  the 
specus  of  aqueducts,  the  interior  of  pis- 
cinae, and  those  walls  of  houses  which 
were  adorned  by  fresco  painting.  Metals 
were  not  much  used.  The  bronze  beams  of 
the  portico  of  the  Pantheon  have  already 
been  alluded  to.  The  doors  of  this  build- 
ing were  of  the  same  material.     Iron  was 


used  for  clamps  in  stonework.  Lead 
pipes  for  water  service  are  supposed  to 
have  been  used.  Glass  was  sparingly 
used  for  lighting,  and  as  early  as  the 
time  of  Agrippa,  was  employed  in  mosaic 
work.  Mosaic  pavement  was  introduced 
into  Rome  in  the  time  of  Sylla  and  was 
largely  used.  Tiles  appear  to  have  been 
the  only  covering  made  and  used  for 
roofs.  Roman  works  were  carried  out  by 
either,  1,  paid  labor ;  2,  forced  labor ;  or, 
3,  soldier  labor.  The  materials  were  ob- 
tained either,  1,  bought;  2,  taxed;  3,  pro- 
cured from  the  quarries,  &c,  by  forced 
labor.  The  regular  workman  had  consid- 
erable political  power.  Trade  guilds  were 
formed  and  recognized  by  most  Emperors, 
after  it  was  found  impossible  to  put  them 
down.  Immunities  and  privileges  were 
granted  on  certain  conditions,  as  that 
Government  works  should  be  carried  out 
at  fixed  rates,  &c.  Time  will  not  now 
permit  of  further  notice  of  workmanship, 
and  so  this  paper  must  close  with  a  word 
of  admiration  for  the  constructive  and 
organizing  genius  of  Roman  architects. 


EXPERIENCE  IN  THE  USE  OF  THICK  STEEL  BOILEU  PLATES.* 


By  W.  PAKKER. 


From  "Iron. 


An  ordinary  cylindrical  boiler  of  13  feet 
diameter  and  16  feet  long,  designed  for  a 
pressure  of  150  lbs.  per  square  inch,  for 
which  the  scantlings  were  amply  suffi- 
cient, burst  under  the  hydraulic  test.  The 
pressure  was  applied  very  carefully,  and 
when  it  had  reached  240  lbs.  the  fracture 
occurred,  extending  completely  across 
one  of  the  shell  plates,  and  to  a  slight  ex- 
tent, also,  into  the  adjoining  plate,  as 
shown  in  diagram.  The  boiler  was  con- 
structed entirely  of  steel  made  by  the 
Siemens-Martin  process,  by  a  firm  who 
enjoy  the  reputation  of  producing  a  ma- 
terial second  to  none  in  the  country.  The 
plates  were  all  tested  at  the  steel  works 
and  fulfilled  the  requirements  of  both 
Lloyd's  Register  and  the  Board  of  Trade. 
I  find  from  our  surveyor's  report  that  the 
sample  from  the  particular  plate  which 

*  Paper  read  before  the  Institution  of  Naval  Archi- 
tects. 


failed — which  was  1\  inch  thick — stood  a 
tensile  strain  of  29.6  tons  per  square  inch 
with  an  elongation  of  20  per  cent,  in  a 
length  of  8  inches,  whilst  strips  cut  from 
it  were  bent  almost  double,  cold.  In  fact 
the  material  appeared,  from  the  mechan- 
ical tests  applied  before  it  left  the  steel 
works,  to  be  in  every  respect  suitable  for 
the  purpose  for  which  it  was  intended. 
One  remark,  however,  may  here  be  made, 
namely,  that  the  plate  in  question  was  ex- 
ceptionally large  and  heavy — viz.,  20  feet 
long,  5  feet  6  inches  wide,  and  1J  inch 
thick,  weighing  about  2  tons  16  cwt. 

This  material  was  built  up  into  a  boiler 
by  a  company  who  have  had  an  unusually 
extensive  experience  in  the  manipulation 
of  steel,  having  turned  out  no  fewer  than 
175  boilers  of  this  material.  The  plates 
were  treated  precisely  as  other  steel  plates 
have  been  treated  in  the  same  works,  and 
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with  all  the  appliances  which  experience 
has  shown  to  be  necessary,  all  the  holes 
were  drilled,  and  the  plate  was  then  heated 
in  a  furnace  and  bent  to  the  required 
curvature  in  a  pair  of  powerful  vertical 
rolls  in  the  usual  manner.  Under  these 
circumstances  it  appeared  at  first  sight 
astounding  to  find  the  material  tearing 
under  a  pressure  which  represents  a  strain 
of  6.7  tous  per  square  inch  only,  or  less 
than  one-fourth  of  the  strain  which  the 
original  sample  withstood.  In  addition 
to  this  the  appearance  of  the  fracture  in- 
dicates that  the  plate  did  not  possess  any 
ductility,  stretch,  or  elongation  whatever. 
Neither  the  steel  makers  nor  the  boiler 
maker  have  as  yet  afforded  any  satisfac- 
tory explanation  of  the  occiu'rence.  It  is 
without  doubt  a  most  serious  affair,  es- 
pecially in  view  of  the  high  pressures 
which  have  now  become  so  common.  On 
hearing  of  this  accident  the  committee  of 
Lloyd's  Register  instructed  me  to  investi- 
gate the  matter,  endeavor  to  ascertain 
the  cause  of  the  accident,  and,  if  possi- 
ble, recommend  some  measure  to  prevent 
such  an  occurrence  in  the  future.  My  in- 
vestigations were  only  completed  last 
Tuesday,  and  as  such  a  serious  matter  as 
this,  which  bears  upon  the  probable  safety 
of  life  and  property  at  sea,  must  naturally 
give  rise  to  no  little  speculation  amongst 
engineers  and  steel  makers,  and  has  al- 
ready produced  great  consternation  in 
many  quarters,  I  have  taken  this  oppor- 
tunity of  laying  before  you  a  short  state- 
ment of  the  facts  as  they  have  come  be- 
fore me,  the  results  of  my  investigations, 
and  the  conclusion  which  I  have  arrived 
at.  with  a  view  to  eliciting  from  the  vari- 
ous steel  makers  and  steel  users  here,  the 
benefit  of  their  views  and  experience. 

Upon  my  visit  to  the  boiler-making 
works  I  was  fortunate  enough  to  find  a 
sister  boiler  to  the  one  which  had  burst, 
ready  for  testing.  This  boiler  was  tested 
in  my  presence  to  300  lbs.  per  square 
inch,  and  was  carefully  measured  and 
gauged,  and  found  to  show  no  signs  of 
deflection  or  yielding.  I  also  ascertained 
from  an  examination  of  the  testing  appli- 
ances that  an  abnormal  pressure  could 
not  possibly  have  been  exerted  at  the 
time  of  the  testing  of  the  first  boiler. 
Seeing  that  the  plates  that  broke  had 
stood  all  the  mechanical  tests  required 
before  leaving  the  steel  works,  and  that 


when  worked  into  the  form  of  a  boiler 
shell  it  gave  way  at  less  than  one-fourth 
of  its  original  strength,  it  appeared  at 
first  sight  that  the  plates  had  been  in 
some  way  injured,  or  had  undergone 
some  material  change  from  the  time  they 
left  the  steel  works  until  they  were  riveted 
into  the  form  of  a  boiler  shell ;  therefore 
it  became  necessary  to  look  carefully  into 
the  mode  of  manipulation  of  the  plates  in 
the  boiler-shop,  and  especially  the  heat- 
ing and  bending  of  them.  One  of  the 
plates  was  bent  in  my  presence.  It  was 
heated  in  an  ordinary  plate  furnace,  but 
when  taken  out  was  far  from  being  of  a 
uniform  heat;  the  end  of  tbe  plate  near 
the  door  of  the  furnace  was  at  a  black 
heat,  which  gradually  increased  toward 
the  other  end  to  a  dark  red  heat.  Then 
the  plate  was  turned  end  for  end  and 
again  placed  in  the  furnace  with  a  view  to 
heating  it,  as  far  as  possible,  uniformly ; 
but  when  again  drawn  out  of  the  furnace 
it  was  seen  that  the  heat  was  not  at  all 
uniform,  one  end  being  of  a  dark  red  or 
nearly  black  heat,  which  gradually  cooled 
down  to  a  blue  heat  at  the  other  end. 

In  this  condition  it  was  passed  through 
a  set  of  powerful  vertical  rolls,  and  bent 
to  the  required  curvature.  The  plate 
passed  through  these  rolls  six  times, 
and  by  the  time  the  operation  was 
completed,  one  end  of  the  plate  was  quite 
cold,  while  the  other  end  remained  at  a 
blue  heat.  It  was  thought  that  this  un- 
equal heating  of  the  plate  may  have  set 
up  in  the  body  of  the  plate  excessive 
strains  of  a  dangerous  character,  and  that 
these  strains  were  aggravated  by  rolling 
the  plate  at  a  dangerous  heat,  it  being 
well  known  that  the  ductility  of  all  steel 
becomes  lessened  when  worked  at  a  blue 
heat,  and  it  is,  I  think,  generally  admitted 
that  it  is  far  safer  to  work  steel  cold,  or 
red  hot,  than  at  any  heat  between  these 
two  points.  Steel  plates,  and  especially 
large  ones,  must  be  injured  by  such  treat- 
ment, but  as  to  the  intensity  of  the  strains 
set  up,  or  their  exact  locality,  nothing 
definite  can  be  said.  To  ascertain  the 
nature  of  the  material  as  it  stood,  test 
pieces  were  cut  from  the  fractured  plate, 
both  close  to  the  fracture  and  apart  from 
it,  and  subjected  to  tensile  test  at  one  of 
Lloyd's  proving  houses,  with  the  follow- 
ing results,  which  the  engineers  have 
kindly  communicated  to  me  : 


From  these  tests  it  appears  that  the 
proved  tenacity  of  the  plate  ranges  from 
29.5  tons  to  33.1  tons,  while  the  elonga- 
tion ranges  from  21.8  per  cent,  to  28.1 
per  cent,  in  a  length  of  8  inches.  I  may 
say  that  I  corroborated  these  tests  by 
others  made  from  the  same  plate  for 
my  own  information  in  London,  and  they 
were  also  corroborated  by  other  tests  made 
for  the  information  of  the  steel  makers. 
This  range  of  about  4  tons  in  the  tensile 
strength  of  a  plate  of  homogeneous  metal 
like  mild  steel  is  very  unsatisfactory.  I 
obtained  samples  of  the  plate,  and  sub- 
mitted them  to  five  eminent  and  inde- 
pendent metallurgists,  who  have  kindly 
furnished  me  with  the  results  of  their 
chemical  analyses,  which  are  as  follows : 

Carbon.     Silicon.    Sulphur.  Phosphorus.  Manganese 


0.36 
0.27 
0.33 
0.30 
0.26 


0.015 
0.016 
0.010 
0.018 
0.005 


0.055 
0.044 
0.038 
0.044 
0.038 


0.087 
0.076 
0.065 
0.063 
0.067 


1.05 

0.641 

0.612 

0.648 

0.650 


The  most  striking  feature  in  these  an- 
alyses is  the  large  proportion  of  carbon 
shown  to  exist  in  the  plate.  It  is  partic- 
ularly high  for  boiler  plates.  Material 
used  for  thin  plates,  say,  from  ^  inch  to  f 
inch  thick,  to  stand  the  same  mechanical 
tests  as  these  thick  plates  did,  would  not 
contain  more  than  from  0.15  to  0.18  of  car- 
bon ;  and  these  facts  led  us  to  further  ex- 
periments. In  view  of  the  great  difference 
in  the  amount  of  carbon  required  in  steel 
for  a  thick  plate  and  a  thin  one  to  stand 
the  same  mechanical  tests,  it  was  deemed 
desirable  to  make  an  experiment  which 
would  determine  to  what  extent  work  in 
the  shape  of  rolling— and  especially  roll- 
ing thin  plates,  which,  during  the  latter 
part  of  the  operation,  must  of  necessity 
be  rolled,  comparatively  speaking,  cold — 
affected  the  tenacity  and  ductility  of  the 
material.  A  slab  of  steel  containing  about 


the  same  amount  of  carbon  as  the  plate 
that  ruptured,  viz.,  33,  was  obtained  at  the 
steel  works  where  the  plate  was  made, 
and  rolled  at  one  heat  down  to  ^  inch  in 
thickness.  This  material,  had  it  been 
rolled  down  to  1^  inch  plate,  judging 
from  the  carbon  it  contained  and  the 
tests  of  the  broken  plate,  as  well  as  the 
opinion  of  the  steel  makers,  would  have 
had  a  tenacity  of  from  30  to  34  tons  per 
square  inch.  It  was  found,  however,  that 
when  rolled  down  to  £  inch  thick,  its 
tenacity  was  increased  to  from  35  to  41 
tons  per  square  inch,  with  an  elongation 
of  from  21  to  24  per  cent,  in  a  length  of  8 
inches.  Other  pieces  were  made  hot  and 
quenched  in  water.  These,  when  tested, 
broke  at  a  tenacity  of  from  44  to  45  tons, 
and  had,  practically  speaking,  no  stretch 
at  all. 

Pieces  were  cut  from  the  fractured  edge 
of  the  plate,  and  subjected  to  tensile, 
bending,  and  temper  tests.  They  showed 
a  tenacity  of  33.5  to  34.2  tons  per  square 
inch,  but  they  stretched  only  13  and  16 
per  cent.,  and  broke  with  a  crystalline 
fracture,  as  will  be  seen  by  the  specimens 
produced.  They  bent  cold  to  a  consider- 
able degree,  but  when  made  red  hot  and 
quenched  in  water,  instead  of  bending,  as 
pieces  of  a  thin  plate  of  similar  tenacity 
and  ductility  would  do,  they  broke  under 
the  first  blow  of  a  hammer  without  any 
bending  whatever.  The  material  was  so 
high  in  carbon  as  to  take  a  temper  and 
become  quite  hard  and  brittle.  Further 
cold  bending  tests  were  made  from  pieces 
of  the  broken  plate,  both  before  and  after 
being  annealed;  those  which  were  tested 
before  annealing  bent  fairly  well,  strips 
1^  inch  square  bent  to  an  angle  of  49  and 
61  degrees,  the  fracture  showing  a  con- 
siderable amount  of  alteration  in  form ; 
while  those  pieces  which  were  tested  after 
annealing,  bent  much  better,  in  fact,  al- 
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most  double.  Strips,  however,  that  were 
heated  and  quenched  in  water,  broke 
short  without  any  bend  whatever  at  the 
first  blow  of  a  hammer,  and  thus  corrob- 
orated the  previous  experiments  made  in 
London.  These  experiments  point  to  the 
fact  that  the  plate  which  gave  way  must 
have  become  partially  tempered  by  the 
heating  and  cooling  to  which  it  was  sub- 
jected for  the  purpose  of  rolling  it  into 
its  cylindrical  form.  The  heating  not 
having  been  uniform,  the  tempering 
could  not  have  been  uniform,  and  the  vari- 
ations in  the  temper,  no  doubt,  have  caused 
the  variations  in  the  strength  and  ductil- 
ity shown  by  the  different  parts  of  the 
plate.  The  hardest  part  of  the  plate 
yielding  less  than  the  rest  became  natur- 
ally more  strained,  and  hence  the  plate 
tore  at  its  hardest  part  at  a  pressure  only 
a  small  fraction  of  that  which  it  would 
have  borne  if  its  yielding  had  been  uni- 
form. 

Having  thus  placed  before  you  the  na- 
ture of  this  accident,  and  the  steps  taken 
with  the  view  of  unraveling  the  supposed 
mystery,  I  now  venture  to  state  what  in- 
ferences may,  in  my  opinion,  be  drawn 
from  the  results  of  the  investigation.  I 
think  it  will  be  acknowledged  that  a  ma- 
terial which  is  so  high  in  carbon  as  to 
take  a  temper  and  break  short  as  described, 
even  if  it  possesses  high  qualities  of  te- 
nacity and  ductility  before  being  tem- 
pered, must  be  looked  upon  as  unreliable 
and  altogether  unsuitable  for  use  in  ma- 
rine boilers.  It  would  appear  that  the 
desire  to  obtain  high  steam  pressures, 
and  to  use  steel  of  a  higher  tenacity  con- 
sistent with  a  large  amount  of  ductility, 
has  caused  the  marine  engineering  world 
to  unknowingly  drift  into  using  a  materi- 
al of  an  unreliable  and  unsuitable  char- 
acter for  the  shells  of  marine  boilers,  more 
especially  when  the  usage  which  such 
plates  receive  in  heating  and  bending  is 
considered,  for, except  among  steel  makers, 
it  does  not  appear  to  have  been  generally 
known,  that  the  thicker  a  plate  is,  the 
more  brittle  and  erratic  in  its  behavior  it 
must  become,  as  compared  with  a  thin 
plate  made  to  stand  the  same  mechanical 
tests  as  far  as  tenacity  and  ductility  are 
concerned,  as,  otherwise,  I  feel  convinced 
that  the  increase  in  tenacity  from  29  to 
32  tons  for  thick  boiler  shells  would  not 
have  been  advocated. 

So  far  as  I  am  concerned,  and  the  so 


ciety  which  I  represent,  I  may  say  that  it 
has  always  been  our  endeavor  to  discour- 
age the  use  of  steel  of  high  strength.  The 
rules  of  Lloyd's  Register  require  boiler- 
plates to  have  a  tensile  strength  of  from 
26  to  30  tons,  and  have  done  this  from 
the  commencement  of  the  use  of  steel, 
because  we  felt  that  the  higher  the  tenac- 
ity arrived  at,  the  more  likelihood  there 
would  be  of  the  plates  giving  trouble, 
and  our  whole  desire  has  been  to  keep 
the  material  mild.  We  have,  however,  had 
considerable  pressure  brought  upon  us  by 
manufacturers  and  engineers  to  allow  a 
strength  of  32  tons  per  square  inch  for 
thick  boiler  shell  plates.  This  accident 
and  the  investigations  which  have  fol- 
lowed, clearly  point  out  that  engineers 
have  been  drifting  toward  the  use  of  an 
unreliable  material,  or  at  all  events  a  ma- 
terial which  is  too  near  the  verge  of  dan- 
ger to  be  pleasant,  a  state  of  things  that 
should  not  exist  with  steam  boilers. 

I  would  therefore  urge,  in  order  to 
remedy  this  growing  evil,  that  the  tenac- 
ity of  steel  plates  for  boiler  shells — which 
are  becoming  thicker  every  day,  should 
in  no  case  exceed  30  tons ;  and  that  a 
temper  test  should  be  insisted  on  from 
every  thick  plate,  and  the  practice  of 
using  enormously  large  plates  should  be 
discouraged,  while  more  care  should  be 
exercised  in  uniformly  heating  and  bend- 
ing these  plates.  I  have  conferred  with 
the  principal  steel  makers  in  the  kingdom 
on  this  subject,  and  am  able  to  say  that 
they  agree  with  me,  and  are  decidedly  of 
opinion  that  steel  plates  over  an  inch  in 
thickness,  and  having  a  tenacity  of  more 
than  30  tons,  must  contain  so  much  car- 
bon as  to  render  them  unsuitable  for  boil- 
er-making purposes,  although  they  may 
possess  the  necessary  tenacity  and  duc- 
tility to  withstand  the  usual  tensile  and 
cold-bending  tests.  I  venture  to  hope 
that  this  paper  will  be  made  the  subject 
of  discussion,  with  a  view  to  obtaining 
further  opinions  respecting  the  important 
points  in  question. 


Nature  says  it  is  contemplated  to  use 
the  electric  light  in  Algiers  for  night  work 
during  harvest  time,  in  order  to  escape 
the  heat,  which  is  just  too  much  for  Eu- 
ropeans, and  is  an  obstacle  to  their  carry- 
ing on  agricultural  work. 
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III. 


Mr.  Boulton  had  been  obliged  to  be 
very  brief  in  his  verbal  reply  at  the  close 
of  the  discussion,  and  as  some  of  the 
points  then  raised  involved  matters  of 
considerable  detail,  which  had  also  been 
alluded  to  in  the  correspondence,  he 
thought  that  unnecessary  repetition  would 
be  avoided  if  he  were  to  connect  his  re- 
plies to  both  series  of  communications  in 
a  continuous  form.  He  was  gratified  at 
the  valuable  support  which  his  main 
propositions  had  received. 

The  remarks  made  by  Dr.  Tidy,  and 
the  views  expressed  by  that  gentleman  in 
his  recent  report  to  the  Gaslight  arid 
Coke  Co.  were  in  principle  in  accordance 
with  the  views  expressed  in  the  paper. 
The  author,  however,  believed  with  Dr. 
Armstrong  that  Dr.  Tidy,  who  had  been 
somewhat  conservative  on  the  subject  of 
tar  acids,  would  be  led  by  the  logic  of 
facts  to  accept  a  much  lower  proportion 
than  8  per  cent.  The  "London  creo- 
sotes "  as  they  came  from  the  still,  honest 
creosotes  which  had  done  excellent  work, 
and  which  constituted  probably  about 
one  half  of  the  total  supply  of  this  king- 
dom, did  not  contain  so  large  a  percent- 
age. Some  misapprehension  still  existed 
on  this  subject,  which  the  statement  of  a 
few  facts  might  remove.  In  July,  1863, 
the  author  sent  to  Dr.  Letheby  a  sample 
of  the  usual  London  creosotes,  which  he 
was  then  largely  using.  Dr.  Letheby 
found  it  contained  only  4.37  per  cent,  of 
tar  acids.  Later  on,  and  during  one 
period  of  seven  years  especially,  nearly 
the  whole  of  the  tar  of  the  great  London 
Gas  Companies,  as  well  as  tar  from  other 
sources,  was  contracted  for  and  distilled 
by  the  author's  firm.  The  quantity  was 
probably  larger  than  had  ever  been  treated 
up  to  that  time  by  any  one  firm  or  cor- 
poration, and  it  therefore  formed  a  suf- 
ficiently broad  basis  for  estimation.  He 
would  give  the  quantities  during  three 
consecutive  years — 

1877  Gallons  of  tar  distilled 14,735,404 

1878  "  «  "        ....  15,839,819 

1879  "  "  "        ....  12,690,029 


or  an  average  of  between  fourteen  and 
fourteen  and  a  half  million  of  gallons  per 
annum.  He  had  found,  as  stated  in  the 
paper,  that  the  heavy  oils  distilled  from 
this  mass  of  tar  contained  on  an  average 
from  4  to  7  per  cent,  of  total  tar  acids. 
More  recent  experiments  which  he  had 
made  upon  a  large  number  of  London 
tars — one  series  in  May,  1882,  another  in 
August,  1882,  and  a  third  since  this  paper 
had  been  read — gave  similar  results. 
Latterly,  the  largest  of  the  English  gas 
companies,  the  Gaslight  and  Coke  Co., 
had  erected  works  at  Beckton,  at  which 
they  distilled  their  own  tar.  It  had  been 
assumed  that  the  list  of  analyses  ap- 
pended to  Dr.  Tidy's  printed  report  rep- 
resented the  percentage  of  tar  acids  which 
the  London  creosotes  in  their  natural 
condition  contained.  This,  however,  was 
not  the  case.  The  samples  analyzed  by 
Dr.  Tidy  contained  from  8.2  to  10.2  per 
cent,  of  tar  acids,  but  they  had  been  spe- 
cially treated  to  "meet  the  market,"  cre- 
ated by  the  modern  type  of  specification 
by  removing  from  the  creosote  some  of 
its  least  volatile  parts,  those  parts  con- 
taining little  or  none  of  the  volatile  tar 
acids.  The  Gaslight  Co.'s  creosotes  as 
they  came  from  the  still  contained  on  an 
average  6  per  cent,  of  total  tar  acids  by 
the  ordinary  caustic  alkali  test.  The  au- 
thor had  been  enabled  to  clear  up  this 
matter,  of  which  experts  would  readily 
detect  the  importance,  owing  to  the  court- 
esy of  the  Board  and  Secretary  of  the 
Gaslight  and  Coke  Co. 

He  agreed  with  Dr.  Armstrong  in  the 
importance  of  M.  Pasteur's  experiment 
upon  sawdust,  which  was  recorded  in  the 
Comptes  Rendus  of  the  Academie  des 
Sciences  for  1863.  It  is  remarkable  as 
an  early  demonstration  of  the  application 
of  the  germ  theory  to  the  phenomena  ac- 
companying the  decay  of  woody  fiber. 
Dr.  Armstrong  had  alluded  to  the  dis- 
tinction between  wood  creosote  and  tar 
creosote.  Both  contained  tar  acids,  some 
of  which  might  be  identical,  or  if  not 
identical,  isomeric.     But  tar  creosote,  if 
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it  could  be  so  called,  was  a  complex  body ; 
some  of  the  tar  acids  it  contained  differed 
essentially  from  either  carbolic  or  cresylic 
acid,  being  less  volatile,  and  less  soluble 
in  water  than  either  phenol  or  cresol. 
There  is  evidently  room  for  much  further 
investigation  in  this  connection  ;  also  for 
a  more  complete  comparison  between  the 
"  tar  acids  of  the  coal-tar  oils  and  similar 
bodies  contained  in  other  oils." 

In  relation  to  the  remarks  of  Mr.  W. 
Foster,  the  author  must  express  the  hope 
that  that  gentlemen  would  continue  the 
very  interesting  researches  of  which  he 
had  so  recently  given  an  account  to  the 
Institution  in  his  valuable  paper  on  "  The 
Composition  of  Coal.''  Authentic  Tables 
as  to  the  varying  products  derived  from 
different  kinds  of  coal,  and  at  different 
temperatures,  were  becoming  matters  of 
the  first  necessity  in  various  branches  of 
industry.  Mr.  Foster  had  referred  to 
the  experiment  of  Pettigrew,  alluded  to 
in  the  paper.  Pettigrew  had  removed 
the  embalming  material  from  the  heart  of 
the  mummy  by  steeping  it  in  alcohol; 
after  which,  upon  exposure  to  the  atmos- 
phere, putrefaction  took  place.  What 
the  author  desired  to  point  out  was  that 
the  previous  immunity  from  decay  had 
not  been  the  result  of  any  chemical  com- 
bination between  the  antiseptic  and  the 
tissue. 

A  jarring  note  had  been  struck  by  Mr. 
Bamber,  who  had  represented  "the whole 
secret  of  the  paper"  to  consist  in  "the 

author's  idea that  nothing  should  be 

left  in  the  creosote  which  it  would  pay 
him  better  to  take  out ;"  an  object  foreign 
to  the  declared  aim  and  intention  of  the 
paper.  The  author  had  not  approached 
the  subject  from  the  commercial  point  of 
view — a  fact  which  the  President  had  so 
gracefully  recognized.  It  might,  how- 
ever, be  opportune  •  to  state  that  he  was 
not  at  present  commercially  interested  in 
any  manufacture  which  caused  carbolic 
•acid  to  be  "taken  out"  of  the  creosote 
oils,  although  he  was  largely  interested 
in  the  success  of  prepared  timber  as  an 
engineering  material,  and  therefore  in 
the  choice  of  the  best  antiseptics  for  that 
purpose,  whether  obtained  from  the  creo- 
sote oils  or  from  other  sources.  Mr.  Bam- 
ber's  figures  as  to  the  comparative  com- 
mercial values  of  creosote  oils  and  car- 
bolic acid,  recalled  to  memory  the  well- 
known  comparison  between  the  value  per 


ton  of  iron  ore  and  of  steel  watch  springs. 
The  manufacture  of  pure  carbolic  acid  was 
a  long  and  costly  process,  of  which  the 
first  cost  of  the  crude  material  formed  an 
altogether  insignificant  item.  Nor  was 
so  low  a  price  as  2d.  per  gallon  for  creo- 
sote either  "proverbial"  or  usual.  But 
it  would  be  found  in  the  long  run  that 
the  consumer  had  to  pay  the  commercial 
value  for  everything  which  the  creosote 
contained,  and  it  was  therefore  best  to 
discuss  upon  scientific  and  practical 
grounds  the  substances  which  the  engin- 
eer should  require  it  to  contain.  It  was  one 
of  the  main  objects  of  the  paper  openly  to 
point  out  by  diagrams  and  detailed  de- 
scriptions the  principal  substances  con- 
tained in  the  coal-tar  oils,  to  draw  atten- 
tion to  their  properties,  and  to  state  their 
uses  for  various  manufactures,  so  that  for 
the  purposes  of  timber-preserving,  engin- 
eers might  be  in  a  position  to  "  prove  all 
things,  hold  fast  that  which  is  good." 
Mr.  Bamber  was  mistaken  as  to  facts  in 
his  allusion  to  Dr.  Letheby's  specification, 
and  that  of  Dr.  Tidy.  Dr.  Letheby's 
specification,  drawn  up  under  instructions 
from  Mr.  Meadows  Kendel,  M.  Inst.  C.E., 
in  1865,  for  the  use  of  the  East  Indian 
Railway  Company,  stipulated  that  the  creo- 
sote was  to  yield  to  a  solution  of  caustic 
potash,  not  less  than  5  per  cent,  of  crude 
carbolic,  and  other  tar  acids.  Dr.  Letheby 
never  increased  that  quantity.  Dr.  Tidy 
had  increased,  and  not  as  Mr.  Bamber 
supposed,  diminished  the  percentage  of 
tar  acids  mentioned  by  Dr.  Letheby. 

Mr.  Bamber  complained  that  no  facts 
or  data  had  been  given  respecting  Dr. 
Tidy's  experiments  on  naphthaline.  But 
the  paper  contained  a  reference  to  a 
printed  report  of  Dr.  Tidy,  deposited  in 
the  library  of  the  Institution,  wherein  was 
a  full  account  of  these  experiments.  They 
were  also  recorded  and  approved  of  by 
Dr.  Lunge,  of  Zurich,  in  his  learned  work 
upon  "The  Distillation  of  Coal  Tar." 
Amongst  other  authorities  who  after  in- 
vestigation differed  from  Mr.  Bamber  in 
admitting  naphthaline  as  an  ingredient  in 
the  timber-preserving  oils,  were  the  late 
Mr.  Bethell,  Mr.  Burt,  Prof.  Sir  Frederick 
Abel,  Mr.  Forestier,  for  the  French  Gov- 
ernment, Mr.  Coisne,  for  the  Belgian  Gov- 
ernment, &c.  Mr.  Bamber  had  once  stated 
to  an  eminent  engineer,  in  a  report  upon 
a  creosote  highly  charged  with  naphtha- 
line, that  timber  impregnated  with  such 
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an  oil  would,  "  within  a  very  short  time 
of  the  timber  being  in  India,  lose  5  lbs. 
out  of  every  10  lbs.  put  into  the  timber 
here  merely  by  escape  of  naphthaline." 
Dr.  Tidy's  experiments  with  timber  in- 
jected wholly  with  naphthaline,  and  sub- 
jected to  a  temperature  of  130°  Fahren- 
heit, proved  that  these  apprehensions 
were  unfounded.  But  it  was  now  related 
by  Mr.  Bamber  that  in  his  own  experi- 
ment a  piece  of  wood  impregnated  with  a 
creosote  of  the  type  which  he  preferred, 
and  containing  20  per  cent,  of  tar  acids, 
lost  in  four  weeks  42.33  per  cent,  of  the 
oil  taken  up.  Mr.  Bamber's  record  of  his 
own  experiment  was  very  instructive.  He 
tried  two  kinds  of  creosote  against  each 
other.  One,  which  might  be  called  speci- 
men A,  was  "full  of  naphthaline,"  but  the 
percentage  of  that  body  was  not  stated. 
It  contained  10  per  cent,  of  tar  acids. 
Specific  gravity  not  named.  With  this 
oil  a  piece  of  deal  3  inches  by  3  inches 
by  8  inches  was  impregnated.  The  other, 
which  might  be  called  specimen  B,  was  a 
"  country  oil,"  specific  gravity  1.045,  con- 
taining 20  per  cent,  of  tar  acids.  With 
this  oil  a  piece  of  deal  3  inches  by  3 
inches  by  6  inches  was  impregnated. 
Specimen  A  was  alluded  to  as  "  Mr. 
Boulton's  own  oil "  and  "  the  author's 
London  creosote ;"  but  to  these  appella- 
tions he  demurred,  as  he  never  used  a  10 
per  cent,  creosote  unless  required  to  do 
so  by  specification,  and  the  London  oils 
did  not  in  their  natural  state  contain  10 
per  cent,  of  tar  acids.  Therefore  A,  al- 
though it  might  come  from  his  works, 
would  be  a  mixture  of  London  and  Coun- 
try oils.  But,  although  in  the  author's 
judgment  too  volatile,  yet  the  10  per  cent, 
specimen  would  be  less  volatile  than  the 
20  per  cent.  Therefore,  the  author  pre- 
ferred A  to  B.  Where  a  large  issue  was 
staked  upon  a  single  minute  experiment, 
accuracy  of  result  should  be  ensured  by 
the  most  minute  precautions.  It  was  not 
explained  why  the  two  pieces  of  deal  were 
not  cut  to  the  same  size,  a  circumstance 
which  affected  the  conditions  both  of  ab- 
sorption and  of  evaporation.  Nor  were 
the  specific  gravities  of  the  two  pieces  of 
wood  stated.  Of  two  pieces  cut  from  the 
same  log,  one  piece  of  wood  would  fre- 
quently absorb,  under  the  same  condi- 
tions, a  very  much  larger  quantity  of  fluid 
than  the  other.  However,  the  results  as 
stated  might  be  calculated  as  follows : — 


A.  Piece  of  wood,  capacity  72  cubic 
inches,  absorbed  1,020  grains  of  creosote 
=  3.49  lbs.  per  cubic  foot. 

B.  Piece  of  wood,  capacity  54  cubic 
inches,  absorbed  1,785  grains  of  creosote 
=8.17  lbs.  per  cubic  foot. 

But  no  pressure  was  used,  and  engin- 
eers would  recognize  that  the  experiment 
failed  to  reproduce  the  conditions  of  the 
ordinary  creosoting  cylinder.  It  was  well 
known  that  without  pressure,  light  oils 
penetrated  timber  more  easily  than  heavy 
oils.  In  like  manner  the  adulterating 
substance,  bone  oil,  penetrated  more 
readily  than  creosote;  solutions  of  me- 
tallic salts  more  readily  still ;  and  water 
more  readily  than  all.  But  it  was  "  light 
come,  light  go ; "  those  which  penetrated 
most  readily  were  generally  the  least 
permanent.  The  main  object  of  the  en- 
gineer was  not  to  select  the  fluid  which 
gave  the  contractor  the  least  trouble  to 
inject.  He  desired  to  select  the  antisep- 
tic which  was  likely  to  be  the  most  effi- 
cacious and  the  most  permanent,  and  he 
required  the  contractor  to  provide  effi- 
cient apparatus,  and  to  inject  under 
pressure  a  stipulated  quantity  by  weight. 
Sleepers  and  large  logs  of  timber  were 
injected  without  difficulty  with  creosotes 
of  a  heavier  type  than  either  of  Mr. 
Bamber's  samples,  and  to  the  extent  of 
10  lbs.  and  12  lbs.  per  cubic  foot.  Small 
pieces  of  wood  could  be  easily  gorged 
with  creosotes.  The  author  had  recently 
injected  some  fir  paving  blocks  6  inches 
by  6  inches  by  3  inches,  with  22  lbs.  per 
cubic  foot  of  ordinary  heavy  London  cre- 
osote, containing  about  5  per  cent,  of  tar 
acids.  Mr.  Bamber  exposed  his  speci- 
mens to  evaporation  on  a  mantelshelf  at 
a  temperature  never  above  70°  Fahren- 
heit, and  generally  between  40°  Fahren- 
heit and  50°  Fahrenheit.  In  four  months 
A  had  lost  47.75  per  cent.,  and  B  had 
lost  42.33  per  cent,  of  the  creosote  put 
in.  If  this  could  be  taken  as  a  normal 
result,  engineers  would  hesitate  as  to  em- 
ploying either  type  of  creosote.  No  doubt 
both  were  too  volatile.  But  it  should 
also  be  borne  in  mind  that  the  injection 
was  imperfect ;  to  use  Mr.  Bamber's  "  ex- 
pression, it  was  only  "  skin  deep."  As 
regarded  the  comparative  evaporation  of 
the  two  specimens,  however,  the  result 
was  extremely  valuable.  It  is  well-known 
that  the  evaporation  of  fluids  (except 
when  in  a  state  of  ebullition)  was  in  pro- 
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portion  to  the  surface  exposed,  and  not  to 


tare   lost  a   large  portion  of  their  bulk. 


the  bulk  of   the  fluid.     This  point  Mr.   which  evaporated  or  drained  out  in  the 
Baniber  appeared  to  have  forgotten :  he   creosoting  yard,  on  the  export  ship,  and 


had  exposed  A,  the  creosote  he  disliked, 
to  a  wider  evaporating  surface  than  that 
to  which  he  had  exposed  B.  the  creosote 
which  he  preferred.  The  position  on  the 
mantelshelf  in  which  the  pieces  of  wood 
were  placed  was  not  stated.     But  sup- 


on  the  permanent  way  in  India  and  else- 
where. An  experiment,  easy  to  carry  out 
without  any  laboratory  apparatus,  may  be 
tried  by  any  one  interested  in  this  sub- 
ject. Take  three  saucers  or  shallow 
dishes  ;  place  in  one  saucer  200  grains  of 


posing  them  to  have  been  suspended,  say  1  pure  carbolic  acid  (crystallized),  in  the 
by  a  thread,  so  that  all  the  surfaces  were  I  second  200  grains  of  pure  cresylic  acid, 
exposed  to  evaporation  equally,  the  re-  and  in  the  third  200  grains  of  pure 
suits  might  thus  be  calculated :  naphthaline.     Expose  them  side  by  side 

A.  Piece  of  wood,  the  sum  of  whose  in  any  room,  and  at  any  ordinary  tem- 
superfices  was  114  square  inches,  lost  perature.  The  crystals  of  carbolic  acid 
487  grains  =  4.29  grains  per  square  inch  would  liquefy  in  a  few  minutes,  owing  to 
of  exposed  surface.  the  avidity  with  which  that  body  absorbed 

B.  Piece  of  wood,   the  sum  of  whose  •  moisture  from  the  atmosphere.    In  a  few 


supernces  was  90  square  inches,  lost  575 
grains  =  6.39  grains  per  square  inch  of 
exposed  surface. 

If,  however,  each  piece  of  wood  had 
been  placed  with  one  of  its  sides  in  con- 
tact with  the  mantelshelf,  so  that  one 
surface  was  protected  from  evaporation, 
the  calculation  became  slightly  modhied, 
so  that  A  would  have  lost  5.41  grains, 
and  B  7.98  grains  per  square  inch  ex- 
posed. If  the  specimens  had  been  placed 
on  end,  then  A  showed  a  loss  of  4.64 
grains  and  B  of  7.09  grains  per  square 
inch.  Mr.  Bamber  had  therefore  been 
mistaken  as  to   the  comparative  volatili 


weeks'  time  (varying  with  the  temperature) 
the  carbolic  acid  would  have  entirely 
disappeared  by  evaporation.  By  that- 
time  the  cresylic  acid  would  have  lost 
about  half  its  bulk.  When  the  whole  of 
the  cresylic  acid  had  also  evaporated. 
The  naphthaline  in  considerable  bulk,  at 
least  one-half  of  the  original  weight 
would  still  remain,  an  easy  victor  in  the 
trial  of  endurance.*  The  evaporation  was 
greatly  retarded  by  the  incorporation  of 
those  bodies  with  the  less  volatile  oils, 
and  by  their  being  driven  into  the  cells 
of  the  timber.  But  the  evaporation  must 
necessarily  take  place  in  proportion  to  the 


ties   of  naphthaline  and  the  tar  acids,  as  |  respective  and  recognized  volatilities. 

proved  by  his   own   experiment.     B,  the  | 

creosote  with  20  per  cent,  of  tar  acids, 

had  lost  about  50  per  cent,  more  than  A, 

the    creosote  with    10   per  cent,    of    tar 

acids  and  "full  of  naphthaline."     Had  it 

been    otherwise,  every   chemical  treatise 


Allusion  had  been  made  by  Mr.  Bamber 
to  "  charred  oil,"  and  he  presumed  that 
it  was  a  residue  of  anthracene  manufac- 
ture. The  author  in  the  course  of  his 
experience  had  never  met  with  ;;  charred 
creosote,"   except  indeed  as  a   result  of 


describing  the  properties  of  these  bodies,  i  over-heating  in  a  laboratory  experiment ; 
would  have  to  be  re- written.     The  state- 1  nor  was  he  acquainted  with  any  ordinary 


ment  that  part  of  the  loss  of  specimen  B 
was  due  to  the  fact  that  some  of  the  oil 
drained  out  of  it.  which  it  was  said  "  was 
not  fair  "  to  that  specimen,  gave  rise  to 
the  rejoinder,  was  it  quite  fair  to  a  tim- 
ber-preserving process  that  a  type  of  an- 
tiseptic should  be  recommended  which 
"  drained  out"  with  so  little  provocation  ? 
This  part  of  the  discussion  might  almost 
appear  trivial,  were  it  not  for  the  fact, 
confirmed  by  many  special  instances  in  the 
author's  experience,  that  whenever  these 
light  oils  had  been  used  exclusively, 
whether  for  marine  work  or  for  railways. 
complaints  invariably  arrived,  sooner  or 
later.     Oils  of  so  light  and  volatile  a  na- 


process  of  manufacture  by  which  it  could 
be  produced.  Creosote  oils  were  distil- 
lates ;  whatever  the  heat  in  the  still,  the 
residuum  might  become  carbonized,  but 
not  the  substances  which  came  over  in 
the  form  of  vapor.  Anthracene  or  para- 
naphthaline  had  been  denounced  by  the 
creosote  specifications  of  the  theorists  at 
a  time  when  it  was  considered  worthless 
for  any  purpose  ;  it  was  taken  out  of  the 
creosote  by  every  tar-distiller  in  England, 
whether  in  London  or  country,  and  was 
now  of  value  for  the  manufacture  of  ali- 


*  This  experiment  was  carried  out  on  a  mantelshelf 
at  the  Institution  of  Civil  Engineers  in  August.  1S64, 
with  the  result  indicated  by  Mr.  Boulton. 
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zarine.  The  removal  was  effected  by  a 
simple  process  of  filtration ;  the  resulting 
oils  were  the  green  oils,  the  best  part  of 
creosote  for  timber-preserving,  fluent  and 
rich  in  alkaloids.  How  could  they  become 
"  charred  oils  ?  " 

In  the  illustration,  drawn  from  a  fire- 
engine,  it  was  forgotten  that  a  fire  might 
break  out  a  second  time,  and  that  if  a 
fresh  supply  of  water  were  not  available, 
the  building  would  be  consumed.  Car- 
bolic acid  evaporated  rapidly  from  timber, 
and  it  had  been  proved  that  it  left  no 
permanent  effects  behind.  When  the 
sleeper  was  placed  in  the  permanent  way 
the  supply  of  the  antiseptic  could  not  be 
renewed,  and  the  timber  would  rot  if 
more  stable  antiseptics  were  not  present 
in  the  shape  of  the  heavier  oils. 

As  regarded  naphthaline  colors  Mr. 
Bamber  was  also  mistaken.  They  were 
very  successful  as  a  manufacture,  and 
their  use  was  largely  increasing.  He 
accused  the  author  of  "condemning 
country  oils,"  and  of  saying  that  they 
"  were  not  good  for  creosoting  timber." 
In  the  paper  the  exact  contrary  was 
stated.  The  author  advocated  the  use  of 
both  London  and  country  oils,  and  he 
habitually  used  large  quantities  of  both. 
What  he  condemned  was  the  use  of  oils, 
whether  London  or  country,  which  were 
so  manipulated  as  to  contain  a  large  pro- 
portion of  volatile  substances  at  the  ex- 
pense of  the  more  durable,  and  therefore 
for  this  purpose  more  valuable  antisep- 
tics. Were  Mr.  Bamber's  theories  carried 
into  practice,  about  one-half  of  the  creo- 
sote manufactured  in  England,  the  enor- 
mous bulk  of  the  "  London  oils,"  would 
be  excluded  from  use  by  the  timber-pre- 
server. Nevertheless  they  were  precisely 
the  creosotes  which  had  given  the  most 
unmistakably  good  results,  whether,  as 
in  the  case  of  the  early  Indian  sleepers, 
and  of  the  sleepers  of  the  Chemin  de  Fer 
de  l'Ouest,  the  percentage  of  tar-acids 
had  been  proved  to  be  small,  or  whether, 
as  was  the  practice  of  the  Belgian  Gov- 
ernment, the  tar- acids  had  been  altogeth- 
er and  avowedly  struck  out  of  the  speci- 
fication. 

In  reply  to  Prof.  Yoelcker,  he  desired 
to  state  that  he  had  purposely  abstained 
from  connecting  the  names  of  administra- 
tive bodies  with  the  questions  of  contro- 
versy. He  was  not  aware  of  any  specifi- 
cation officially  issued  by  the  War  Office 


'  which  bore  on  this  subject ;  but  it  was 
known  that  the  distinguished  chemist 
of  that  department  had  been  consulted 
by  various  administrations,  who  could 
have  had  no  other  object  in  view  than  to 
obtain  the  best  engineering  material.  The 
views  of  Sir  Frederick  Abel  on  all  the 
most  important  points  of  a  creosote  spe- 
cification were  substantially  the  same  as 
those  of  Dr.  Tidy  and  of  the  author.  And 
what  the  author  considered  to  be  the 
most  important  points  were,  1st,  that  the 
presence  in  considerable  volume  of  the 
heavier  and  least  volatile  distillates,  i.  e.t 
those  distilling  at  or  above  600°  Fahren- 
heit, must  not  merely  be  tolerated  but 
insisted  upon.  That  naphthaline,  and 
the  other  usual  semi-solid  constituents, 
should  be  admitted,  provided  they  were 
completely  fluid  at  the  temperature  to 
which  the  creosote  was  raised  when  in- 
jected into  the  wood.  It  was  known  that 
these  views  had  not  been  adopted  by  the 
Crown  agents  for  the  colonies,  but  he 
hoped  that  this  discussion  might  be  the 
means  of  clearing  away  many  misconcep- 
tions. Respecting  the  point  which  he 
considered  subsidiary  to  the  other  two, 
although  not  unimportant,  viz.,  the  per- 
centage of  tar  acids,  Sir  Frederick  Abel, 
as  well  as  Dr.  Tidy,  had  recently  recom- 
mended a  reduction,  and  the  last  word 
had  not  been  said  on  this  question.  Prof. 
Yoelcker  was  mistaken  in  thinking  that 
Dr.  Tidy  had  recommended  8  per  cent, 
of  carbolic  acid.  The  8  per  cent,  was  of 
total  tar  acids,  including  carbolic,  cresylic, 
and  all  other  tar  acids  which  could  be  re- 
moved by  a  specified  solution  of  caustic 
soda.  Dr.  Tidy,  in  his  report  to  the  Gas- 
light Co.,  mentioned  his  reasons  for  not 
stipulating  for  a  fixed  quantity  of  carbolic 
acid.  Whenever  any  stated  quantity  of 
this  body  had  been  mentioned  in  specifi- 
cations by  English  engineers,  it  had  been 
fixed  at  one-half  of  the  total  tar  acids. 
Hence  the  quantity  had  varied  from  2£ 
per  cent,  to  5  per  cent.,  the  latter  being 
the  largest  quantity  of  crude  carbolic  acid 
which  the  author  had  ever  known  to  be 
required  by  any  specification  issued  in 
this  country.  He  might  be  permitted  to 
express  his  satisfaction  that  Dr.  Voelcker 
had  recently  joined  the  ranks  of  investi- 
gators into  the  properties  of  creosote  oils, 
but  he  was  sure  that  so  distinguished  a 
chemist  would  be  the  last  to  depreciate 
the  experiments  and  experience  of  the 
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numerous  chemists  and  practical  men  who 
had  placed  the  results  of  their  labors  on 
record.  It  could  sorely  have  only  been 
by  some  misconception  that  Dr.  Yoelcker 
recommended  an  entirely  new  departure 
by  asking  for  10  per  cent  of  carbolic  acid 
in  creosotes  used  for  young  timber  or 
sap-wood,  although  he  admitted  the  prob- 
able superiority  of  the  heavier  oils  for 
timber  intended  for  railway  sleepers  and 
other  engineering  purposes.  Dr.  Yoelcker 
had  not  produced  the  results  of  any  orig- 
inal experiments  in  support  of  his  views. 
The  typical  experiments  which  he  asked 
for  had  been  tried  and  recorded ;  they 
proved  that  carbolic  acid  and  the  lighter 
tar  acids  were  not  reliable  as  durable 
antiseptics  for  timber.  Engineers  were 
familiar  with  the  preparation  of  young- 
wood  and  sap-wood  as  well  as  with  that 
of  older  timber.  The  same  creosotes 
were  always  used  for  both,  and  with  com- 
plete success.  It  had  been  clearly  estab- 
lished that  the  heavy  oils  preserved  sap- 
wood  from  decay.  It  would  be  remem- 
bered by  many  members  of  the  Institu- 
tion that  the  late  Mr.  Bethell  had  even 
advocated  the  use  of  young  wood  in  pref- 
erence to  older  timber,  because  the  sap- 
wood  absorbed  the  creosote  so  readily, 
and  that  Mr.  (now  Sir  John)  Hawkshaw 
had  combated  this  idea,  not  from  any 
doubt  of  the  preservation  of  young  wood, 
but  upon  the  ground  that  the  engineer 
must  choose  for  many  purposes  the  kind 
of  timber  best  adapted  for  resisting  im- 
pact or  heavy  strains.  Amongst  the  nu- 
merous successful  specimens  of  creosoted 
wood  which  had  been  exhibited  at  the 
Institution  during  the  discussion,  and 
which  had  been  taken  from  various  rail- 
ways after  periods  of  endurance  varying 
from  sixteen  to  thirty-two  years,  nothing 
was  more  striking  than  the  perfect  pres- 
ervation of  the  sap-wood,  although  careful 
analysis  had  shown  that  the  heavy  oils, 
and  not  the  tar  acids,  were  the  enduring 
agents  of  preservation.  The  allusion  of 
Dr.  Yoelcker  to  telegraph  poles  had  elic- 
ited much  practical  information.  Nothing 
could  be  more  conclusive  than  the  evi- 
dence of  Mr.  Preece  as  to  the  behavior 
of  the  young  timber,  surrounded  by  its 
girdle  of  sap-wood,  which  was  used  for 
telegraph  poles  in  this  country.  The  au- 
thor had  been  responsible  for  the  creo- 
soting  of  a  large  portion  of  the  poles  al- 
luded to  by  Mr.  Preece ;  these  had  as  a 
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rule  been  prepared  with  the  usual  Lon- 
don oils.  But  it  was  only  right  that  he 
should  state  another  circumstance.  He 
believed  that  the  success  of  the  poles, 
creosoted  for  the  Post-office  Telegraph 
Department,  was  largely  influenced  by  the 
care  taken  by  that  department  in  the 
seasoning  of  the  timber.  The  date  of  de- 
livery of  the  poles,  landed  and  stacked  at 
the  creosoting  yard,  was  a  matter  of  con- 
tract, but  there  was  no  fixed  date  for  the 
creosoting.  On  the  contrary,  the  engi- 
neer did  not  allow  them  to  be  creosoted 
until  he  pronounced  them  to  be  dry,  and 
ready  for  the  process.  Sixteen  years  ago, 
at  a  meeting  of  the  Institution,  he  had 
urgently  recommended  the  adoption  of 
some  such  method  for  ensuring  the  proper 
seasoning  of  timber.  The  very  interest- 
ing and  satisfactory  evidence  of  Mr. 
Bouissou,  the  Engineer  of  the  West  of 
France  Kailways,  confirmed  the  experi- 
ence of  Mr.  Preece,  both  as  to  the  satis- 
factory results  of  creosoting,  and  also  as 
to  the  great  importance  of  seasoning  be- 
fore creosoting ;  the  precautions  adopted 
for  the  latter  purpose  by  the  French 
company  being  substantially  the  same  as 
those  of  the  English  administration.  With 
reference  to  the  preparation  of  telegraph 
poles,  a  very  valuable  paper  had  been 
contributed  by  Mr.  William  Langdon, 
M.  Inst.  C.  E.,  to  the  Society  of  Telegraph 
Engineers,  on  the  25th  of  March,  1874. 
Mr.  Langdon  had  also  contributed  to  this 
discussion,  and  had  confirmed  by  his  ex- 
perience many  of  the  views  entertained 
by  the  author.  With  regard,  therefore, 
to  the  observations  of  Dr.  Yoelcker  as  to 
green  or  unseasoned  timber,  the  author 
would  add  the  results  of  his  own  long 
and  varied  experience  in  this  and  other 
countries,  by  saying  that  the  attempt 
should  never  be  made  to  inject  creosote, 
or  any  other  oily  substance,  without  pre- 
viously, or  at  the  time  of  the  operation, 
expelling  watery  moisture.  Timber  should 
not  be  felled  whilst  the  sap  was  in  it. 

As  regarded  the  effects  of  living  organ- 
isms, and  the  introduction  of  their  spores 
through  cracks  in  the  wood,  the  views  of 
Mr.  Carruthers  entirely  agreed  with  those 
expressed  by  the  anthor.  But  what  was 
the  remedy  ?  The  botanical  aspect  of  the 
question  had  not  been  lost  sight  of,  from 
the  days  when  Dean  Buckland  and  others 
discussed  at  this  Institution  the  question 
of  timber  preparation  from  that  important 
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standpoint,  and  it  had  not  been  overlooked 
in  the  modern  systems  of  injection.     Exo- 
genous trees,  whose  annual  growth  took 
place  by  the  formation  of  concentric  layers 
of  vascular  tissue  added  externally,  fur- 
nished the  timber  with  which  engineers 
had   almost    exclusively    to   deal.      The 
softer  and  younger  wood,  containing  the 
greatest  portion  of  albumen,  was  on  the 
outside  ;  it  was  more  liable  to  decay  than 
the  harder   portions.     It  was  the   chief 
merit  of  the  system  of  injecting  under 
pressure  that  it  precisely  met  this  diffi- 
culty.    The  softer  parts  absorbed  more 
of  the  antiseptic  than  the  rest,  the  press- 
ure followed  the  line  of  least  resistance, 
the  antiseptic  fluid  gorged  the  sap-wood, 
and  penetrated  to  all  cracks  or  shakes. 
There  was  but  little  analogy  between  this 
method  and  the  application  of  a  surface 
coating  of  pitch,   as  although  he  recom- 
mended by  preference  oils  of    a  heavy 
character,  and  containing  semi-solids,  the 
whole   of    these   bodies   were    perfectly 
liquid    at    100°    Fahrenheit,    the     tem- 
perature   to   which    they   were    usually 
subjected  at  the  time  of  injection.     On 
cooling,  they  solidified,  not  on  the  surface 
merely,  but  within  the  pores  of  the  tim- 
ber, which  they  sealed  up  against  the  in- 
cursion of    the   agents   of    decay.      Mr. 
Carruthers   had   referred   to  the  experi- 
ments of  the  celebrated  Dr.  Koch.     The 
researches  of  Koch,  and  of  other  German 
scientific  investigators,  were  very  damag- 
ing' to   the  claims  of  carbolic  acid  as  a 
germicide,  and  as  a  coagulator  of  albu- 
men.    In  his  treatise  "TJeber  Desinfec- 
tion,"  Dr.  Koch  deduced  from  his  careful 
and  laborious  experiments  minutely  de- 
scribed, that  the  value  of  carbolic  acid 
was  greatly  limited  as  a  germicide,  and 
that  for  the  destruction  of  spores  it  was 
altogether  useless,  being  almost  without 
action  ;  but  that  it  could  be  used  to  de- 
stroy micro-organisms  free  from  spores. 
This  was  when  used  in  a  watery  solution ; 
still  stronger  was  his  opinion  as  to  an 
oily  solution.  He  stated  that  in  solutions 
of  oil  or  alcohol,  carbolic  acid  did  not  ex- 
hibit the  slightest  antiseptic  action.     To 
this,  the  remarks  of  Dr.  Sansom  had  al- 
ready pointed.     It  must  be  remembered 
that  it  was  in  an  oily  solution,  i.e.,  dis- 
solved in  the  tar  oils,  that  carbolic  acid 
was  applied   to  timber.     G.  Wolffhiigel 
and  G.  v.  Knorre  followed  up  Koch's  in- 
vestigations, and  spoke  of  the  inactivity 


of  an  oily  solution  of  carbolic  acid ;  of  its 
inferior  powers  of  penetration  into  porous 
solids,  and  of  its  inferiority  in  the  de- 
struction of  fungi.  F.  Boillat,  who  fol- 
lowed up  the  experiments  of  Koch  in  the 
laboratory  of  Professor  Nencki  at  Bern, 
found  that  albumen,  when  completely  co- 
agulated with  an  excess  of  carbolic  acid, 
formed  no  permanent  combination  there- 
with. He  was  able  to  wash  out  on  a  fil- 
ter the  whole  of  the  carbolic  acid  from 
the  albumen  precipitate,  after  which, 
upon  exposing  it  to  the  atmosphere  dur- 
ing forty-eight  hours,  the  albumen  be- 
came putrid.  Mr.  Carruthers  had  spoken 
of  the  presence  of  free  crystallized  car- 
bolic acid  in  the  cells  of  a  small  piece  of 
a  wooden  hurdle.  But  carbolic  acid 
would  not  crystallize  out  of  the  oils  hold- 
ing it  in  solution ;  it  could  only  be  ob- 
tained in  that  state  of  purity  by  a  long 
and  complicated  chemical  process,  and 
the  crystals  would  immediately  liquefy 
when  exposed  to  the  atmosphere.  The 
minute  particles  seen  by  Mr.  Carruthers 
were  probably  naphthaline,  or  one  of  the 
other  semi-solids  of  the  higher  distillates 
of  coal-tar.  The  condition  of  this  hurdle 
corresponded  exactly  with  that  of  enor- 
mous masses  of  successfully  creosoted 
timber  as  typified  by  the  samples  exposed 
during  this  discussion,  and  the  author 
thought  that  the  final  question  of  Mr. 
Carruthers  had  been  fully  answered  by 
many  authorities  quoted  in  the  paper. 

In  reply  to  Mr.  C.  de  Laune,  the  au- 
thor would  remark  that  his  paper  had  a 
much  wider  object  in  view  than  the  mere 
question  of  carbolic  acid;  the  presence 
or  absence  of  that  body  would  not  explain 
Mr.  de  Laune's  difficulty.  No  honest 
creosote  made  from  coal-tar,  whether 
"  London  "  or  "  country  "  oil,  whether 
with  much  or  little  tar  acid,  contained 
any  ingredient  which  could  injure  timber ; 
the  only  question  was,  which  of  those  in- 
gredients was  most  efficacious  and  most 
durable.  The  question  as  to  which  was 
the  easiest  to  put  into  the  timber  was  of 
much  less  importance.  Some  small  pieces 
of  hurdles,  &c,  had  been  shown  during 
the  discussion,  and  alluded  to  by  Dr. 
Voelcker,  Mr.  Carruthers,  and  Mr.  de 
Laune ;  Mr.  E.  A.  Cowper  had  detected 
the  reason  why  one  had  succeeded  and 
the  other  failed.  The  first  had  had  plen- 
ty of  creosote  put  into  it ;  the  others  but 
very  little.     Mr.  de  Laune  had  made  a 
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detailed  statement  to  the  author,  which  , 
was  briefly  as  followed:  That  he  had  | 
been  in  the  habit  of  preparing  different  ■ 
kinds  of  timber  of  various  densities,  and  i 
frequently  in  a  wet  or  unseasoned  state  j 
by  boiling  the  wood  in  creosote  in  open 
tanks  and  without  a  thermometer;  and 
that  he  did  not  keep  the  timber  in  the 
tanks  more  than  twelve  hours,  as#a  long- 
er operation  rendered  it  brittle — a  very 
significant  fact.  He  said  that  he  had  not 
latterly  superintended  these  operations 
personally,  and  that  he  did  not  regard 
the  process  as  a  scientific  one,  but  thought 
that  it  could  be  carried  out  by  odd  hands, 
old  men,  or  boys.  A  good  many  years 
ago,  the  author  had  had  considerable  ex- 
perience in  preparing  timber  in  open 
tanks  with  corrosive  sublimate,  sulphate 
of  copper,  and  also  with  creosote.  The 
time  for  leaving  the  timber  in  the  tank, 
to  be  injected  by  the  metallic  salts  in 
watery  solution,  which  penetrated  more 
readily  than  creosote,  was  generally  cal- 
culated at  about  twenty-four  hours  for 
every  inch  in  thickness  of  the  wood. 
With  the  creosoting  process  it  was  essen- 
tial that  the  water  in  the  timber  should 
be  first  got  rid  of ;  the  presence  of  the 
water  prevented  the  entrance  of  the  cre- 
osote oils.  Even  with  the  cylinder-proc- 
ess, where  the  oil  was  driven  in  under 
pressure,  engineers  insisted  upon  the 
timber  being  dry,  and  they  weighed  it 
before  and  after  the  operation,  to  check 
the  quantity  of  creosote  injected.  With 
the  open-tank  system  more  care,  and  not 
less  care,  was  necessary  than  with  the 
superior  apparatus.  But  soft  young 
timber,  if  properly  seasoned  and  then 
subjected  to  creosote  at  a  moderate  heat, 
could  without  difficulty  be  made  to  im- 
bibe a  sufficient  quantity  of  creosote  of 
any  kind  manufactured  in  this  country. 
But  if  the  timber  was  wet,  it  was  not 
amenable  to  treatment  by  creosote  in 
open  tanks  at  a  moderate  temperature, 
and  if  the  creosote  was  raised  to  a  tem- 
perature even  approaching  to  its  boiling- 
point,  which  was  about  400°  Fahrenheit, 
it  would  cause  the  timber  immersed  in  it 
to  become  as  brittle  as  a  carrot.  Timber 
should  not,  under  any  circumstances,  be 
subjected  to  a  higher  temperature  than 
250°  Fahrenheit.  It  would,  therefore,  ap- 
pear that  Mr.  de  Laune's  difficulties  were  j 
to  be  explained  by  his  methods  of  oper-  j 
ation.     He  had  told  the  author  that  he  | 


had  for  many  years  procured  all  his  creo- 
sote from  the  same  works,  a  small  local 
manufactory,  where  the  tars  of  the  dis- 
trict were  distilled.  It  had  been  ascer- 
tained that  the  creosotes  manufactured  at 
the  works  in  question  had  not  essentially 
varied  in  type,  whilst  even  as  regarded 
carbolic  acid,  if  the  analysis  quoted  by 
Mr.  de  Laune  was  correct,  the  quantity 
contained  in  the  sample  was  considerably 
above  the  average,  although  this  was  a 
point  to  which  the  author  attributed  but 
little  importance.  He  was  surprised  to 
find,  in  the  report  accompanying  the  an- 
alysis alluded  to,  a  statement  to  the  ef- 
fect that  "good  creosote  should  yield 
quite  75  per  cent,  of  volatile  oils  (sic) 
containing  10  to  15  per  cent,  of  crude 
carbolic  acid."  No  creosotes  used  for 
timber-preserving,  under  any  specifica- 
tion, had  ever  been  required  to  contain 
more  than  from  2^  to  5  per  cent,  of  crude 
carbolic  acid.  The  recommendation  of 
"  volatile  oils  "  was  a  mistake  which  was 
obvious  to  all  experts ;  but  it  might  have  a 
bad  effect  in  encouraging  the  use  of  some  of 
the  worst  adulterants,  substances  sold  as 
creosote  which  were  not  derived  from  coal 
tar  at  all.  The  report,  although  issued 
from  the  laboratory  of  the  Royal  Agricul- 
tural Society,  was  signed  for,  but  not 
by,  Dr.  Voelcker.  The  author  had  un- 
derstood that  Dr.  Voelcker  was  at  the 
time  absent  owing  to  illness ;  he  would 
not  therefore  have  alluded  to  it  but  for 
the  fact  that  this  report  had  been  brought 
so  prominently  into  notice  by  Mr.  de 
Laune,  and  that  extracts  from  it  had 
been  published  in  an  agricultural  journal. 

The  author  had  used  creosoting  for 
farm  purposes,  for  fences,  hurdles,  and 
for  many  years  also,  for  piles  and  fences 
for  his  wharves.  He  always  used  for  him- 
self the  type  of  creosote  he  recommended 
to  others,  and  it  had  proved  invariably 
successful  in  his  own  case. 

The  author  was  asked  by  Mr.  Clemin- 
son  why  he  had  not  alluded  to  the  proc- 
ess of  Mr.  Blythe.  If  by  Bly the's  process 
was  meant  the  attempt  to  introduce  the 
creosote  oils,  or  any  part  of  them  into 
timber  in  the  form  of  vapor,  the  subject 
had  been  fully  treated  in  the  paper.  For 
the  operations  described  as  having  been 
carried  out  for  the  Compagnie  des  Che- 
mins  de  Fer  de  l'Ouest,  the  apparatus 
used  was  supplied  by  Mr.  Blythe.  The 
experiments  of  Mr.  Seidl  were  described 
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by  him  as  having  been  carried  out  by 
"Blythe's  process."  Engineers  in  Eng- 
land  had  recently  had  an  opportunity  of 
witnessing  similar  experiments  at  the 
works  of  Messrs.  Connor,  at  Millwall. 
After  the  dismantling  of  these  works,  the 
author  had  purchased  the  greater  part  of 
the  machinery  for  the  purpose  of  adapt- 
ing it  to  his  own  processes,  so  that  he 
had  again  had  an  opportunity  of  studying 
the  question.  By  slow  evaporation,  fluids 
gradually  volatilized  at  temperatures  much 
below  their  boiling-points.  But  pressure 
from  their  vapors  could  only  be  obtained 
at  temperatures  exceeding  their  boiling- 
points.  Thus  water  gradually  evaporated 
even  from  a  frozen  surface,  but  no  tension 
of  its  vapor  could  be  produced  except  at 
a  temperature  exceeding  its  boiling-point, 
212°  Fahrenheit.  The  boiling-point  of 
the  creosote  oils  ranged  from  about  400° 
to  760°  Fahrenheit,  that  of  carbolic  acid 
when  separated  from  these  oils  being  360° 
Fahrenheit,  and  of  cresylic  acid  390° 
Fahrenheit.  Now,  it  was  well  known 
that  timber  for  the  purposes  of  the  en- 
gineer was  injured  and  rendered  brittle 
and  unsafe  at  a  temperature  much  ex- 
ceeding 250°  Fahrenheit.  How  then 
could  those  tar  products  be  introduced 
under  pressure  into  the  timber  as  vapor, 
whether  accompanied  or  not  by  super- 
heated steam,  without  injuring  the  tim- 
ber? Either  the  temperature  must  be 
raised  above  danger  point  for  the  wood, 
or  nothing  but  the  vapor  of  water  would 
be  driven  into  it.  This  applied  to  the  first 
part  of  the  process.  Of  course,  if  it  was 
followed  up  by  an  injection  of  the  creo- 
sote oils  in  the  usual  manner,  this  second 
part  of  the  process  covered  the  deficien- 
cies of  the  first  operation.  The  presence 
of  any  of  the  components  of  the  tar-oils 
could  be  detected  in  the  timber  by  chem- 
ical tests.  "When  specimens  of  wood  had 
been  produced,  which  had  been  prepared 
by  the  injection  of  tar-oil  vapors  in  suffi- 
cient quantity  to  have  a  practical  value  in 
the  preservation  of  timber,  and  at  a  tem- 
perature not  exceeding  250°  Fahrenheit, 
the  author  would  be  very  glad  again  to 
give  his  best  attention  to  this  part  of  the 
subject. 

He  was  glad  to  be  able  to  reply  to  the 
question  of  Mr.  Lawford,  with  regard  to 
the  Midland  Railway  Company.  In  1866, 
at  a  meeting  of  the  Institution,  Mr.  Cross- 
ley,  the  engineer  of   that   company  an- 


nounced that,  although  he  admitted  that 
creosoting  stopped  decay,  he  had  given 
up  that  process  from  a  calculation  of 
economy  based  on  the  assumption,  that 
with  very  heavy  traffic  like  that  which 
prevailed  over  the  lines  of  his  company, 
the  sleepers  were  worn  out  by  hard  work 
before  they  had  time  to  decay.  The  au- 
thor would  suggest  that  incipient  decay 
of  unprepared  sleepers  often  set  in  at  a 
very  early  period  of  their  service,  especi- 
ally through  cracks  and  bolt-holes ;  the 
fastenings  of  the  chairs  thereupon  became 
loosened,  and  the  mechanical  destruction 
of  the  sleepers  hastened.  But  Mr.  Law- 
ford  would  be  glad  to  hear  that  the  Mid- 
land Railway  Company  had  again  adopted 
creosoting  ;  they  had  had  large  quantities 
of  sleeper  creosoted  during  the  last  few 
years. 

In  reply  to  Mr.  Roberts,  the  author 
had  never  found  any  difficulty  in  com- 
pletely saturating  the  sap-wood  with  the 
London  oils  where  the  timber  had  been 
sufficiently  dry.  Mr.  Coisne's  experience 
with  shavings  were  for  the  purpose  of  as- 
certaining what  kind  of  creosote  lasted 
best,  and  he  effected  a  complete  satura- 
tion both  with  the  thin  oils  and  with 
thick  oils.  The  thinnest  oils  did  not  pre- 
serve the  woody  fiber  from  rotting,  even 
with  so  good  an  injection,  whilst  the 
heavier  oils  did.  A  fortiori,  the  thinner 
oils  would  be,  by  themselves,  still  more 
unreliable  with  the  inferior  injection  car- 
ried out  in  practical  operations  with  tim- 
ber. It  must  also  be  borne  in  mind  that 
Mr.  Coisne  did  not  stop  at  these  experi- 
ments, but  had  confirmed  them  by  twenty 
years'  subsequent  treatment  of  timber  on 
a  very  large  scale,  for  the  Belgian  State 
Railways.  The  chapter  in  Mr.  Coisne's 
1871  pamphlet,  upon  the  choice  of  creo- 
sote oils  was  a  most  interesting  and  prac- 
tical one. 

With  reference  to  the  author's  process 
for  removing  water  from  the  timber  at 
the  time  of  creosoting,  the  following  ex- 
periment had  been  carried  out  at  his 
works  since  the  paper  had  been  read. 

Six  square  fir-sleeper  blocks,  each  8 
feet  11  inches  by  10  inches  by  10  inches, 
saturated  with  moisture,  were  cut  into  10 
inches  by  5  inches  sleepers.  One  sleeper, 

A,  from  each  block  was  prepared  by  the 
new  method,  the  corresponding  sleeper, 

B,  from  the  same  block,  by  the  old  meth- 
od, so  that  in  each  instance  the  results 
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with  the  two  halves  of  the  same  log 
could  be  contrasted.  Care  was  taken  to 
choose  blocks  having  the  heart  in  the 
center,  and  with  the  texture  of  the  two 
halves  as  nearly  as  possible  similar. 

From  the  six  sleepers,  A,  water  was 
withdrawn  by  the  new  process  to  the  ex- 
tent, ascertained  by  weighing  the  water, 
of  120  lbs. ;  yet  the  sleepers,  when  with- 
drawn from  the  cylinder  after  the  process 
was  completed,  weighed  155  lbs.  more 
than  when  put  in,  thus  showing  that  they 
had  absorbed  275  lbs.  of  creosote.  As 
their  total  cubic  contents  were  18.57 
cubic  feet,  their  average  loss  of  water 
was  6.15  lbs.  per  cubic  foot ;  their  aver- 
age gain  or  creosote  was  11.8  lbs.  per 
cubic  foot. 

The  six  sleepers,  B,  were  creosoted  by 
the  ordinary  process.  Being,  like  the 
others,  very  wet,  and  having  no  moisture 
extracted  from  them,  the  results  of  their 
being  weighed  before  and  after  creosot- 
ing  showed  an  absorption  of  116  lbs.  of 
creosote  only,  or  an  average  of  6.29  lbs. 
per  cubic  foot.  The  separate  absorp- 
tions of  these  six  sleepers  were  as  fol- 
lowed :  9.01  lbs.,  4.52  lbs.,  2.9  lbs.,  6.13 
lbs.,  9.36  lbs.,  and  5.49  lbs.  per  cubic 
foot  respectively,  thus  illustrating  the 
uncertain  results  of  creosoting  timber 
when  too  wet  by  the  ordinary  method. 
They  were  placed  in  the  cylinder  with  a 
charge  of  ordinary  dry  sleepers,  which 
took  up  on  the  average  rather  more  than 
10  lbs.  of  creosote  per  cubic  foot. 

The  result  with  sleepers  A  was  inter- 
esting, as  it  showed  that  by  the  new 
process  wet  timber  could  have  its  mois- 
ture at  once  removed,  and  a  lai'ge  quan- 
tity of  creosote  injected  without  difficulty. 
All  twelve  sleepers,  both  A  and  B,  were 
afterwards  cross-cut  at  6  inches,  9  inches, 
12  inches,  and  at  4  feet  6  inches  from 
their  ends,  the  corresponding  section  of 
A  and  B  being  constrasted  and  photo- 
graphed. The  sleepers  A  were  found  not 
only  to  have  absorbed  a  large  quantity  of 
creosote,  but  the  creosote  was  much  more 
evenly  distributed  than  wTas  the  case  with 
sleepers  B. 

Might  the  author  be  permitted  to  sum 
up  the  evidence  which  had  been  produced 
during  the  discussion  as  to  the  best  class 
of  antiseptics  for  timber?  Both  engi- 
neers and  chemists  would  probably  agree 
with  him  that  after  forty-live  years'  dis- 
cussion of  this  engineering  problem  the 


time  had  gone  bjr  for  dogmatic  assertion, 
unsupported  either  by  experiment  in  the 
laboratory  or  by  recorded  experience  in 
engineering   works.      In    the   paper    he 
had   called    the   germ    theory   a   severe 
but  salutary  test   for   these  antiseptics. 
As   a   matter    of  fact,  the    subject    had 
received   valuable   elucidation   from   the 
labors   and  discoveries  of  a  number   of 
eminent  men,  who  had  studied  the  physi- 
ology of  the  bacteria.     In  the  application 
of  the  remedies,  however,  the  operations 
of   the   timber-preserver   diverged   from 
those  of  the  physician  to  the  human  body. 
In  combating  those  terrible  enemies  the 
bacteria,  which  were  pathogenic  to   ani- 
mal life,   the   great   difficulty  was   that 
many  of   the  remedies  effectual  against 
the  bacteria  intefered  with  the  vital  func- 
tions of  the  patient.     On  the  other  hand, 
the  physician  could  repeat  remedies  when- 
ever the  malignant  symptons  reappeared. 
Therefore  antiseptics,  more  or  less  vola- 
tile, were  sometimes  more  useful  to  the 
physician  than  others  of  a  more  perma- 
nent character,  because  they  did  not  accu- 
mulate in  the  system  of  the  patient.     In 
preserving  timber,  the  problem  differed 
materially.      The   vital  functions    of  the 
plant  had  ceased ;  stronger  poisons,  and 
substances  wThich  clogged  up  the  cells  and 
tissues,  could  be  employed,  provided  al- 
ways that  they  were  of  such  a  nature  as 
not  to  injure- the  structure  of  the  wood. 
But  the  remedy  must  be  applied  once  for 
all.     In  the  majority  of  cases  where  tim- 
ber was  once  placed  in  engineering  works 
the  supply  of  the  antiseptic  could  not  be 
renewed.     Therefore  the  very  first  condi- 
tion was  that  the  antiseptic  should  be  of 
a  permanent  constitution.     Let  this  rule 
be  applied  to  the  evidence  offered  during 
the  discussion.     Antiseptics    for    timber 
harl  been  described:  1st,  as  coagulators 
of  albumen  ;    2d,  as  germicides ;    3d,  as 
sterilizers,  rendering  the  cells  of  the  wood 
unfit   for   the  development    of   fungi   or 
bacteria ;  4th,  as  germ-excluders,  closing 
the    entrances  against  the  intrusions    of 
the  enemy. 

Was  not  too  much  value  still  attached 
by  some  to  the  coagulation  of  the  albu- 
men in  wood?  Albumen  formed  an  ex- 
tremely small  portion  of  the  wood ;  in  fir 
it  varied  from  0.5  to  0.9  per  cent.  Those 
parts  of  timber  containing  the  smallest 
portions  of  albumen  were  nevertheless 
liable  to  decay ;  the  mere  coagulation  of 
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the  albumen  did  not  protect  the  bulk  of 
the  timber  from  destruction.  Did  coagu- 
lation preserve  even  the  albumen  itself 
from  destruction?  Sansom,  Angus  Smith, 
and  other  authorities  found  that  it  did 
not.  The  author  took  a  hard-boiled  egg, 
a  very  complete  specimen  of  coagulated 
albumen,  removed  the  shell,  and  exposed 
it  to  the  sea  breezes  on  a  high  point  of 
the  Atlantic  shore  of  the  island  of  Mull. 
In  a  few  days  signs  of  putrefaction  were 
visible;  in  eight  days  the  albumen  was 
coated  with  various  species  of  micrococ- 
cus, cromogenes  and  other  agents  of  de- 
struction. The  egg  had  become  a  mass 
of  corruption.  Coagulation  had  not  pro- 
tected albumen  from  putrefaction.  What 
was  the  result  when  coagulation  was  pro- 
duced, not  by  heat,  but  by  the  action  of 
an  antiseptic  body?  Did  not  the  result 
depend  mainly,  if  not  altogether,  upon 
the  germicide  properties  of  the  antiseptic, 
and  upon  its  abiding  presence  %  Or,  thus 
produced,  did  coagulation  per  se  effect  a 
new  combination  with  permanent  results  ? 
In  the  case  of  carbolic  acid,  a  host  of  in- 
vestigators said,  No.  Their  experiments 
appeared  to  prove  that  carbolic  acid  was 
volatile  in  the  air,  soluble  in  the  water, 
and  that  its  compounds  were  not  stable. 
Boillat,  in  his  experiments,  realized  the 
extreme  conditions  desired  by  those  the- 
orists who  thought  that  carbolic  acid  had 
a  permanent  effect  upon  timber  ;  he  pro- 
duced a  perfect  coagulation  of  albumen 
with  an  excess  of  carbolic  acid.  Yet  a 
mere  washing  with  water  removed  the 
whole  of  the  carbolic  acid,  and  the  albu- 
men putrefied  on  exposure  to  the  air. 
Carbolic  acid,  therefore,  would  appear  to 
have  had  no  permanent  effect  upon  albu- 
men. The  author  agreed  with  Dr.  Ber- 
nays  that  if  coagulation  by  carbolic  acid 
were  desirable,  2  per  cent,  of  that  body 
might  be  retained ;  but  having  in  view 
the  foregoing  evidence,  what  was  the 
value  of  the  coagulation  theory  at  all  as 
applied  to  timber-preserving  ?  There  had 
been  some  idea  that  carbolic  acid  lin- 
gered in  the  timber  in  some  unrecognized 
form.  The  author  had  had  occasion  to 
test  sleepers  a  few  weeks  after  creosoting : 
if  this  were  done  before  the  carbolic  acid 
had  time  to  evaporate,  it  could  be  found 
in  the  wood  by  the  ordinary  tests,  and  a 
quantitative  analysis  made.  On  the  other 
hand,  Dr.  Tidy,  who  was  not  unwilling  to 
rind  it  in  combination,  had  searched  for  it 


after  twelve  months,  and  had  not  found  it 
by  the  ordinary  tests,  that  is,  in  sufficient 
quantity  to  have  any  practical  result.  But 
whenever  it  was  present  there  were  tests 
subtle  enough  to  detect  it,  even  in  such 
infinitesimal  quantities  as  to  have  no 
practical  value,  as  was  evidenced  by  the 
experiments  of  Mr.  Greville  Williams. 
Notwithstanding  theories  and  experi- 
ments, did  carbolic  acid,  when  put  into 
timber,  do  any  good  there  ?  Mr.  Coisne, 
Mr.  Greville  Williams,  and  the  author, 
not  only  never  found  it  to  have  contrib- 
uted to  the  success  of  old  creosoted  tim- 
ber, but  Mr.  Coisne's  experiments  went 
further  still.  He  injected  woody  fiber 
with  light  oils  and  an  excess  of  tar  acids, 
and  the  woods  rotted,  whilst  the  woods 
creosoted  with  heavy  oils,  and  without 
any  tar  acids,  were  preserved. 

There  was  one  point  respecting  which 
there  had  been  a  consensus  of  opinion  on 
the  part  of  all  who  had  taken  part  in  the 
discussion,  namely,  that  for  the  prepara- 
tion of  timber,  creosoting  had  been  un- 
deniably more  successful  than  corrosive 
sublimate,  sulphate  of  copper,  or  chlor- 
ide of  zinc.  Could  this  be  at  all  due  to 
carbolic  acid?  How  was  this  possible, 
when  a  host  of  authorities  proved  that 
carbolic  acid  was  less  permanent  in  its 
effects  than  the  three  metallic  salts  al- 
luded to,  and  very  considerably  less  pow- 
erful as  a  germicide  than  corrosive  sub- 
limate or  sulphate  of  copper.  In  a  valu- 
able work  upon  bacteria  by  Magnin  and 
Sternberg  there  was  a  long  list  of  anti- 
septics, with  a  statement  as  to  their  com- 
parative potency  as  germicides,  compiled 
from  the  latest  authorities.  Carbolic 
acid  was  low  in  the  scale.  Dr.  Sternberg 
gave  the  strength  of  solutions  of  differ- 
ent kinds  which  had  been  found  efficacious 
in  preventing  the  development  of  the 
septic  micrococcus,  the  following  amongst 
many  others  : 

Corrosive  sublimate. .  .1  part  in  40,000 

Sulphate  of  copper 1       "  400 

Chloride  of  zinc 1       "  200 

Carbolic  acid 1      "  200 

These  were  in  watery  solution.  To  this 
must  be  added  the  statements  that  in  oily 
solution  the  antiseptic  power  of  carbolic 
acid  was  diminished,  according  to  San- 
som and  Angus  Smith ;  altogether  it  was 
nil  according  to  Koch.  It  was  evident 
that  there  was  a  vast  accumulation  of  sci- 
entific  evidence   in   confirmation  of  the 
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contiuually  reiterated  statements  of  those 
practical  men,  who  had  had  the  largest 
and  longest  experience  in  preparing  tim- 
ber, to  the  effect  that  it  was  not  to  car- 
bolic acid,  but  to  other  substances  con- 
tained in  the  tar  oils,  that  the  superiority 
of  the  creosoting  process  over  the  other 
three  methods  was  due.  Mr.  Lowe  was 
well  known  as  one  of  the  highest  scien- 
tific and  practical  authorities  upon  the 
tar  acids,  and  he  had  given  much  valu- 
able information  in  his  communication  to 
the  Institution.  On  the  other  side,  the 
absence  of  evidence  was  even  more  re- 
markable than  many  of  those  interested 
in  this  subject  would  perhaps  have  an- 
ticipated. No  chemist  had  brought  for- 
ward even  a  laboratory  experiment  in 
proof  of  any  permanent  effect  of  carbolic 
acid  upon  albumen.  No  practical  man 
had  produced  a  proof  that  that  substance 
had  had  any  lasting  effect  upon  timber. 
The  author  submitted  that  the  claims  of 
carbolic  acid  as  an  antiseptic  for  timber 
had  not  been  proven. 

What,  then,  were  the  substances  in  the 
creosote  oils  which  had  insured  the  supe- 
riority of  that  process  over  the  others  ? 
If  the  author  were  asked  the  question, 
he  would  remark  that  the  object  being 
the  prolonged  preservation  of  timber, 
antiseptics  should  be  chosen  which  re- 
mained longest  in  the  timber.  That  the 
different  constituents  of  the  creosote  oils, 
showed  a  gradation  from  the  lightest  and 
most  volatile  bodies  at  the  carbolic,  or 
left-hand  end  of  the  scale,  up  to  the  least 
volatile  and  most  permanent  bodies  at 
the  right-hand  end.  Divide  the  bulk  of 
the  oils  roughly  in  half.  Would  the  con- 
stituents of  the  right-hand  half  of  them- 
selves insure  the  preservation  of  the  tim- 
ber ?  Yes,  excellently  well.  They  con- 
tained germicides  and  solidifying  mate- 
rials ;  they  were  both  sterilizers  and 
germ-excluders  ;  they  would  not  evapo- 
rate, except  at  an  enormously  high  tem- 
perature. Nevertheless  in  their  united 
bulk  they  were  perfectly  fluid  at  a  tem- 
perature of  100°  Fahrenheit ;  they  were 
insoluble  in  water ;  they  conld  be  injected 
into  timber,  in  quantity  exceeding  the 
maximum  which  any  engineer  had  as  yet 
required.  Would  the  other,  or  left-hand 
part  of  the  group,  taken  by  themselves, 
preserve  timber?  Much  less  perfectly, 
as  they  were  more  volatile.  Would  a  still 
further  fractioning  to  the  left,  if  it  were 


practicable,  insure  a  better  result  ?  Not 
so,  but  a  worse  one  still ;  for  the  lightest 
oils,  which  contained  the  greatest  portion 
of  the  tar  acids,  were,  like  the  tar  acids 
themselves,  the  most  volatile  portions  of 
all. 

The  author  trusted  that  he  had  made 
clear  his  reasons  for  specially  objecting 
to  large  percentages  of  tar  acids.  Take 
an  honest  heavy  cresote,  free  from  adul- 
teration, free  from  mutilation,  containing, 
say,  5  per  cent,  of  tar  acids.  If  this 
sample  were  refused  because  it  did  not 
contain  8  or  10  per  cent.,  the  tar-distiller 
was  induced  to  remove  a  large  portion  of 
the  heavier  constituents  of  the  bodies  to 
the  right  hand  of  the  scale,  in  order  to 
make  the  proportion  of  tar  acids  larger 
in  the  portion  remaining.  He  believed 
that  those  heavier  portions  were  the  best. 
He  thought  that,  provided  the  oils  were 
sufficiently  fluid  at  the  temperature  at 
which  they  were  injected,  there  should  be 
no  restriction  as  to  maximum  specific 
gravity  or  maximum  boiling-point.  If 
larger  and  stronger  doses  of  germicides 
were  desired,  it  would  be  far  better  to 
put  them  into  the  wood  in  the  shape  of 
corrosive  sublimate  or  sulphate  of  copper, 
in  addition  to  the  heavy  oils.  This  could 
be  done  by  a  double  process  of  prepara- 
tion, with  respect  to  which  he  had  been 
lately  experimenting. 

Timber  preserved  by  antiseptic  treat- 
ment was  an  engineering  material  com- 
peting with  other  materials,  both  as  to 
price  and  durability.  Members  of  the 
Institution  would  appreciate  the  endeav- 
ors of  the  author  to  emancipate  an  im- 
portant industry  from  the  effects  of  any 
theories  which,  themselves  unproven, 
might  stand  in  the  way  of  improvement, 
either  as  to  diminished  cost  or  increased 
efficiency. 


Strikes  and  rumors  of  intended  strikes 
are  on  the  increase  in  Germany,  and  some 
of  the  revelations  as  to  the  "  starvation  " 
wages  that  prevail  in  certain  branches  of 
labor  are  somewhat  startling.  Thus,  the 
linen  weavers  of  Erdmannsdorf,  a  village 
in  Silesia,  have  ceased  work  in  an  attempt 
to  secure  an  advance  of  about  20  per  cent, 
on  their  wages,  which  average  six  and 
a-half  marks  per  week  for  twelve  hours' 
work  per  day,  and  seldom  or  never  exceed 
9  marks,  equivalent  to  as  many  shillings. 
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PORTLAND  CEMENT. 

By  HENRY  FAIJA,  M.I.C.E. 


From  "Iron.' 


Although  a  great  deal  has  from  time 
to  time  been  written  about  Portland  ce- 
ment, the  author  is  bold  enough  to  think, 
and  also  to  say,  that  very  little  is  known 
about  it,  except  to  those  intimately  con- 
nected with  its  manufacture  or  who 
happen  to  be  large  users,  and  have,  there- 
fore, been  obliged  to  make  themselves 
thoroughly  acquainted  with  the  subject. 
In  general,  little  is  known  about  it,  so 
little,  indeed,  that  the  specifications  sub- 
mitted to  manufacturers  are  often  abso- 
lutely impossible  to  work  to  ;  and  even 
supposing  they  could  be,  the  result  would 
probably  be  a  material  of  which  at  pres- 
ent nothing  is  known  ;  it  might,  in  some 
instances,  do  the  duty  of  cement,  but 
even  that  is  doubtful,  and  it  certainly 
would  not  be  a  Portland  cement. 

The  error  into  which  most  of  the 
drafters  of  these  specifications  fall  is 
that  they  have  heard  or  read  that  a  ce- 
ment should  be  extremely  finely  ground 
— the  finer  the  better — also  that  it  should 
be  heavy ;  therefore,  by  inference,  the 
heaviest  weight  is  specified  in  conjunc- 
tion with  the  finest  grinding,  and  these, 
unfortunately,  are  properties  which  can- 
not both  be  obtained  in  the  same  cement. 
It  is  not  at  all  uncommon  to  see  in  a 
specification  that  the  cement  shall  weigh 
120  lbs.  to  the  striked  bushel,  and  be  so 
finely  ground  as  to  leave  only  10  per  cent, 
of  residue  when  sifted  through  a  sieve 
having  4,900  holes  (70  by  70)  to  the 
square  inch.  Now,  it  would  be  impos- 
sible to  produce  a  cement  which  would 
comply  with  these  requirements.  It 
should  be  remembered  that  the  finer  a 
cement  is  ground  the  more  bulky  it  be- 
comes, and  consequently  weighs  less  per 
striked  bushel.  The  weight  given  above, 
120  lbs.  per  striked  bushel,  would  prob- 
ably correspond  with  a  fineness,  or  rather 
a  coarseness,  of  a  residue  of  perhaps  30 
to  35  per  cent,  on  the  70  by  70  sieve, 
and  20  per  cent,  on  the  50  by  50  sieve ; 
while  the  fineness  mentioned,  10  per 
cent,  on  a  70  by  70  sieve,  would  corre- 
spond to  a  weight  of  perhaps  106  to  110 
lbs.   per  striked  bushel.     Of  course,  the 


bushel  measure  is  to  be  filled  by  one  or 
other  of  the  recognized  methods,  so  that 
it  shall  be  filled  as  lightly  as  possible, 
and  in  no  way  touched  or  shaken  until 
the  cement  in  it  has  been  struck  level  on 
the  top.  For  the  practical  purposes  of 
the  user,  however,  the  weight  of  the  ce- 
ment is  now  acknowledged  to  be  of  very 
little  service  in  assisting  the  determination 
of  its  value.  It  is  a  test  which  originated 
with  the  manufacturers,  and  to  the  manu- 
facturer working  always  with  the  same  raw 
materials,  it  is  of  use,  for  it  enables  him 
to  form  an  opinion  as  to  the  degree  of 
calcination  to  which  the  cement  has  been 
subjected,  the  harder  burnt  producing 
the  heavier  clinker.  But  to  the  user  the 
weight  is  no  guide  whatever,  since  pecu- 
liarities in  the  raw  materials,  without  be- 
ing detrimental  in  any  way,  may  produce, 
on  calcination,  a  heavier  or  a  lighter  ce- 
ment. In  the  author's  testing  room  a 
weight  test  is  carried  out  if  it  is  specially 
asked  for,  but  as  for  being  any  guide  or 
assistance  in  forming  an  opinion  of  the 
value  of  a  cement  it  is  absolutely  useless, 
and,  except  when  asked  for,  he  has  not 
carried  out  a  test  for  weight  for  many 
years. 

Another  matter  in  which  specifications 
often  err,  is  in  the  wording  not  being 
sufficiently  explicit.  The  following  is  a 
very  favorite  sentence,  which,  from  its  pop- 
ularity, must  be  derived  from  some  pub- 
lished work  or  specification  of  which  the 
author  is  not  cognizant ;  it  is  very  mis- 
leading, and  has,  within  his  knowledge, 
led  to  more  than  one  dispute.  It  is: 
"The  breaking  weight  per  square  inch 
seven  days  after  being  made  in  a  mould, 
and  immersed  in  water  during  the  inter- 
val of  seven  days,  shall  be,"  &c,  &c. 
Now,  the  wording  evidently  reads  that 
directly  the  cement  is  gauged  and  filled 
into  the  briquette  molds,  molds  and  all 
are  to  be  put  in  water,  because  it  would 
be  evidently  impossible  to  remove  the 
briquettes  from  the  molds  until  they 
were  set,  a  proceeding  directly  contrary 
to  practice  and  to  reason,  but  one  which 
the    author    has     seen    insisted    upon. 
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Again,  if  the  briquettes  are  not  placed 
in  water  until  twenty-four  hours  after 
they  are  gauged,  which  is  the  usual  prac- 
tice, it  would  become  an  eight  days'  test, 
i.  e.,  briquettes  gauged  on  a  Monday 
would  be  tested  on  the  Tuesday  week, 
leaving  seven  clear  days  in  between, 
which,  of  course,  is  in  favor  of  the  man- 
ufacturer, because  the  cement  has  one 
day  more  to  acquire  its  strength  ;  but  the 
wording  is  altogether  vague  and  indiffer- 
ent, and,  worst  of  all,  read  it  any  way, 
it  is  not  in  accordance  with  ordinary 
practice,  and  comparative  results  between 
different  samples  of  cement  cannot  be 
obtained  if  the  same  means  and  proce- 
dure are  not  adopted  in  every  instance. 

Specifications  are  matters  which  affect 
the  manufacturer  more  than  the  user  ; 
the  user  has  a  right  to  ask  for  what  he 
likes,  and  if  the  manufacturer  under- 
takes to  supply  him,  he  is  bound  by  his 
contract  to  do  so.  It  is,  therefore,  sur- 
prising that  manufacturers  have  not  be- 
fore now  drafted  a  specification,  and  for- 
mulated a  manner  of  procedure  for  carry- 
ing out  a  cement  test  which  would  satis- 
fy the  requirements  of  a  good  cement, 
and  which  they  would  be  prepared  to 
work  up  to.  To  enumerate  a  tithe  of 
the  absurdities  which  appear  in  cement 
specifications  would  take  up  more  time 
than  can  be  spared,  and  their  considera- 
tion would  not  be  profitable.  Having 
given  two  instances,  it  may  be  at  once 
stated  that  a  cement  specification  is  about 
the  easiest  and  shortest  to  write,  when 
once  the  nature  of  the  material  is  known, 
and  the  particular  requirements  of  the 
case  ascertained.  The  object  of  testing 
cement  is  to  determine  its  value  as  a  con- 
structive material;  the  object  of  the 
si^ecification  is  to  define  the  value  which 
is  required,  and  unless  the  latter  is  clear 
and  explicit  it  is  hardly  possible  for  the 
manufacturer  to  comply  with  it,  or  for 
the  test  to  be  of  much  value. 

So  far  as  experience  goes,  the  ultimate 
strength  of  Portland  cement  is  not 
known,  nor  for  practical  purposes  is  it 
necessary  that  it  should  be.  A  good 
Portland  cement  is  known  to  continually 
increase  in  strength  for  several  years,  and 
there  is  no  reason  to  suppose  that  it  will 
— within  the  limits,  at  all  events,  of  the 
life  of  other  constructive  materials — in 
any  way  deteriorate.  It  must,  further, 
be  borne  in  mind  that  cement  is  always 


too  strong  for  the  purpose  for  which  it 
is  to  be  used,  and  that  it  is  always  weak- 
ened— or,  as  it  were,  thinned  out — by  the 
addition  of  sand  or  other  ingredient.  If, 
therefore,  the  strength  of  the  structure 
is  determined,  as  well  as  the  proportion  of 
cement  to  sand,  or  aggregate,  which  is 
to  be  adopted,  the  required  strength  of 
the  cement  may  be  ascertained — with  this 
proviso,  however,  that  the  size,  nature, 
and  other  properties  of  the  sand  or  ag- 
gregate will  materially  affect  the  strength 
of  the  structure ;  therefore  if  only  an  in- 
different quality  of  sand  is  obtainable, 
either  more  cement  must  be  used,  or  a 
greater  strength  demanded.  The  sim- 
pler way,  however,  is  not  to  specify  or  ask 
for  a  cement  which  is  not  usually  made ; 
take  the  ordinary  article  of  commerce, 
and  thin  it  out  with  as  much  or  as  little 
sand  or  aggregate  as  meets  the  require- 
ments of  the  case.  The  matter  of  speci- 
fication is  thus  reduced  to  the  very  sim- 
plest form,  and  the  object  of  the  test  is 
to  ensure  the  delivery  being  in  accord- 
ance with  the  ordinary  demand. 

The  only  three  properties  of  a  cement 
which  it  is  necessary  to  know  in  order  to 
determine  its  constructive  value  are :  1st, 
its  fineness;  2d,  its  tensile  strength;  and 
3d,  its  soundness.  Though  usually  placed 
in  this  order,  it  would  be  more  rational 
if  their  order  were  reversed,  for,  if  a  ce- 
ment is  unsound  it  is  evidently  useless, 
while  its  fineness  and  tensile  strength 
merely  mean  the  use  of  so  much 
more  or  less  sand.  Taking  these,  how- 
ever, in  the  order  in  which  they  are  here 
placed,  the  author  will  consider,  first — 
fineness.  A  mortar  or  concrete  is  com- 
posed of  a  certain  quantity  of  inert  ma- 
terial called  "  aggregate,"  which  is  bound 
together  by  a  cementing  material,  the 
matrix,  and  it  is  evident  that,  to  secure  a 
sound  mortar  or  concrete,  it  is  essential 
that  each  piece  of  aggregate  shall  be  en- 
tirely surrounded  by  matrix,  so  that  no 
two  pieces  are  in  actual  contact.  It  is 
hardly  necessary  to  explain  that  the  finer 
a  cement  is  ground  the  greater  surface 
will  the  same  weight  cover,  so  that  the 
finer  a  cement  is  ground  the  more  economi- 
cal will  it  be  to  use.  But  there  are  other 
reasons  why  it  should  be  well  ground. 
Cement,  until  ground,  is  a  mass  of  par- 
tially vitrified  clinker  which  is  not  af- 
fected by  water,  and  which  has  no  setting 
powers  ;  it  is  only  after  it  is  ground  that 
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the  addition  of  water  induces  crystalliza- 
tion. It  therefore  follows  that  the  coarse 
particles  in  a  cement  have  no  setting 
power  whatever,  an  d  may,  for  practical  pur- 
poses, be  considered  only  as  so  much  sand, 
aggregate  or  practically  an  adulterant. 
So  far,  therefore,  it  appears  that  an  im- 
palpable powder  should  be  asked  for ; 
but  here  the  question  of  cost  and  econ- 
omy steps  in.  The  manufacturer  will  say 
that  it  is  possible  to  grind  cement  to  any 
degree  of  fineness  if  paid  for,  but  there 
is  a  degree  of  fineness  which  is  economi- 
cal, i.  e.,  when  it  becomes  cheaper  to  use 
more  cement  in  proportion  to  the  aggre- 
gate than  to  pay  the  extra  cost  of  addi- 
tional grinding.  With  present  appliances 
and  means  of  grinding,  that  point  is,  in 
the  author's  opinion,  reached  when  the 
cement  is  ground  to  such  a  degree  of 
fineness  that  when  sifted  through  a  sieve 
having  2,500  holes  (50  by  50)  to  the 
square  inch,  it  shall  leave  a  residue  of 
not  more  than  10  per  cent,  by  weight. 
Cement  ground  to  this  fineness  will 
leave  from  19  to  21  per  cent,  of  residue 
on  a  4,900  (70  by  70)  sieve,  and  practi- 
cally nothing  on  a  625  (25  by  25)  sieve, 
and  most  manufacturers  grind  now  to 
that  degree  of  fineness. 

Secondly,  tensile  strength. — It  would 
be  useless  to  recapitulate  the  numerous 
experiments  as  to  the  strength  of  ce- 
ments which  have  been  made  from  time 
to  time  by  the  author  and  others,  and 
published  in  the  Proceedings  of  this  and 
other  institutions.  The  deductions  which 
have  been  arrived  at  by  an  examination 
of  these  tests  are  that  the  quick- setting- 
cements  and  those  which  acquire  great 
strength  in  a  short  time,  or  within  the 
limits  of  test,  do  not,  as  a  rule  continue 
to  increase  in  strength  after  a  few 
months,  and  that  after  they  have  attained 
their  ultimate  strength  they  have  a  tend- 
ency to  fall  off.  The  extent  of  this  de- 
preciation has  not  been  conclusively 
proved,  but  it  is  evidently  not  desirable 
to  use  a  material  which  may,  after  a 
lapse  of  time,  seriously  deteriorate  in 
strength.  It  is  better  to  use  a  cement 
the  strength  of  which  is  somewhat  less 
at  the  early  dates,  but  which  it  is  known 
will  continue  to  increase  for  an  indefinite 
period.  Such  a  cement  is  secure  when 
it  is  slow  setting,  and  when  tested  at 
different  dates  shows  a  marked  increase 
in  strength  with  the  age  of  the  briquettes. 


It  was  formerly  the  practice  to  demand 
the  strength  of  a  cement  at  the  expira- 
tion of  twenty  eight  days  from  gauging, 
but  such  a  lapse  of  time  is  impracticable, 
because  in  most  cases  the  cement  would 
be  in  use  before  its  strength  was  ascer- 
tained. The  author  has,  therefore,  en- 
tirely abandoned  it,  except  as  a  corrobor- 
ation of  an  opinion  formed  by  tests  at 
shorter  dates.  Seven  days  is,  as  a  rule, 
the  limit  of  time  available  for  carrying 
out  a  test,  but  the  strength  at  only  that 
date  would  not  enable  a  definite  conclu- 
sion to  be  arrived  at  as  to  the  value  of 
the  sample,  and  it  is  therefore  desirable 
to  carry  out  a  test  at  an  earlier  date 
Three  days  is  customary,  and  the  ulti- 
mate strength  of  the  cement  is  judged 
by  the  increase  in  strength  between  those 
dates.  Experience  shows  that  a  cement 
need  not  have  great  strength  when  only 
three  days  old,  but  that  it  should 
show  a  marked  increase  between  that 
and  the  seventh  day's  test.  At  the  same 
time,  in  order  to  secure  a  material  which 
will  be  capable  of  exerting,  or  rather  of 
acquiring,  a  certain  strength  in  a  fairly 
short  time,  a  minimum  strength  at  both 
dates  must  be  specified.  The  author  is 
of  opinion,  and  he  is  well  supported  in 
it,  that  a  cement  should  carry,  at  least, 
175  lbs.  per  square  inch  at  the  three  days' 
test,  and  should  show  an  increased 
strength  of  at  least  50  per  cent,  at  the 
seven  days'  test,  but  that  the  minimum 
strength  at  seven  days  should  be  350  lbs. 
per  square  inch. 

These  strengths,  of  course,  refer  to  the 
cement  when  gauged  and  treated  in  the 
ordinary  manner,  the  briquettes  being  of 
the  most  approved  form  to  resist  a  ten- 
sile strain.  The  form  of  briquettes  which 
gives  the  best  results  is,  so  far  as  its  form 
to  resist  a  tensile  strain  is  concerned, 
that  designed  by  Mr.  Grant,  of  the  Met- 
ropolitan Board  of  Works,  although  it  is 
slightly  varied  in  other  respec'ts.  Inde- 
pendently of  the  form  of  the  briquette, 
there  are,  however,  several  other  points 
which  materially  affect  the  results  ob- 
tained, and  though  it  is  hardly  within 
the  province  of  this  paper  to  give  a  full 
description  of  the  means  of  gauging  ce- 
ment, still  it  would  be  incomplete  without 
referring  to  them.  They  are — the  amount 
of  water  used  in  gauging  ;  the  expedi- 
tion with  which  the  gauging  is  accom- 
plished  and  the   briquette  formed;  the 
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time  which  is  allowed  to  elapse  between 
the  gauging  of  the  briquette  and  placing 
it  in  water ;  and,  lastly,  the  rate  of  speed 
at  which  the  strain  is  applied  to  the  bri- 
quettes when  being  tested. 

There  is  no  doubt  that  a  briquette 
which  is  put  in  water  directly  it  is  set, 
will  show  a  greater  strength  than  if  it  is 
left  in  the  air  for  a  considerable  time. 
But  in  adopting  this  practice,  it  is  diffi- 
cult to  decide  the  exact  time  when  a  ce- 
ment is  set.  If  put  in  water  too  soon 
the  strength  is  deteriorated.  For  this 
reason,  and  to  secure  uniformity  in  pro- 
cedure with  all  cements,  whether  quick 
or  slow  setting,  it  is  usual  to  place  the 
briquettes  in  water  twenty-four  hours  af- 
ter they  are  gauged. 

The  second  point  really  means  skill  in 
gauging,  as  it  is  evident  that  anyone  ac- 
customed to  the  work  will  be  able  to 
bring  the  cement  to  a  proper  consistency 
with  less  water,  and  in  a  shorter  time 
than  a  novice,  and  the  less  water  used 
and  the  quicker  the  operation  is  per- 
formed, the  better  will  be  the  results.  To 
obviate  this  difficulty  as  far  as  possible, 
the  author  some  years  ago  devised  a 
small  machine  in  which  to  gauge  cement, 
and  he  has  since  used  it  continuously. 
It  is  extremely  simple,  and  consists  of  a 
stirrer  revolving  around  its  own  axis  in 
one  direction,  and  around  the  pan  the  re- 
verse. To  use  it,  a  weighed  quantity  of 
cement  is  placed  in  the  pan,  and  the  ex- 
act quantity  of  water  (which,  by  previous 
experiment  that  particular  sample  of  ce- 
ment has  been  found  to  require)  is  put 
in  at  once,  and  the  handle  turned  until 
the  cement  is  reduced  to  the  proper  con- 
sistency. It  is  then  turned  out  of  the 
pan  on  to  the  gauging  slate,  and  beaten 
up  with  the  trowel  into  a  convenient 
form  and  placed  in  the  molds.  It  is  then 
lightly  rammed  and  shaken  so  as  to  remove 
all  air  bubbles,  smoothed  off  on  the  top, 
and  not  touched  again  until  the  next  day, 
when  each  briquette  is  marked  and  dated, 
taken  out  of  the  molds  and  placed  in 
water,  where  again  they  are  not 
touched  until  they  are  to  be  tested.  In 
determining  the  strength  of  a  sample  it 
is  well  to  take  the  average  of  five  bri- 
quettes at  each  date,  as  from  unforeseen 
causes  one  might  not  fairly  represent  the 
strength  of  the  cement,  and,  with  this 
object,  it  is  well  to  have  the  molds  ar- 
ranged in  nests  of  five. 


In  a  paper  which  the  author  presented 
to  the  Institution  of  Civil  Engineers  last 
year,  and  which  was  published  in  their 
Proceedings,  vol.  lxxv.,  he  gave  the  re- 
sults of  a  large  number  of  experiments 
he  had  made,  with  the  view  of  determin- 
ing the  variation  shown  in  the  strength 
of  a  cement,  due  to  the  difference  in  the 
speed  at  which  the  strain  was  applied, 
and  within  the  limits  at  which  it  would 
in  practice  be  possible  to  apply  the 
strain — viz.,  100  lbs.  per  second,  and 
100  lbs.  per  120  seconds.  There  was 
a  difference  in  favor,  of  course,  of 
the  quicker  rate,  of  more  than  23  per 
cent.  Without  claiming  any  very  great 
sagacity  for  carrying  out  this  experiment, 
for  in  testing  other  materials  the  rate  of 
speed  is  specified,  the  author  believes  he 
was  the  first  to  carry  the  matter  out  to  a 
practical  issue,  for  though  some  thought 
the  strain  should  be  applied  quickly,  and 
others  slowly,  there  seemed  no  very  clear 
idea  of  what  was  slow  and  what  was 
quick.  In  order  to  arrive  at  a  happy  me- 
dium in  this  respect,  the  author  is  of 
opinion  that  a  rate  of  speed  of  100  lbs. 
per  15  seconds  is  a  fair  one.  It  is  one 
he  has  used  for  a  number  of  years,  even 
before  he  made  the  above-mentioned  ex- 
periments, and  he  sees  no  reason  to  alter 
it.  Of  course,  any  speed  may  be  adopt- 
ed, buL  if  the  usual  speed — i.  e.,  100  lbs. 
per  15  seconds — is  not  intended,  the 
speed  required  should  be  mentioned  in 
the  specification. 

With  regard  to  the  third  point — sound- 
ness of  the  cement — it  is  to  be  observed 
that,  naturally,  if  a  cement  is  not  sound 
— if  it  contracts  or  expands,  cracks,  or 
what  is  called  "blows,"  it  is  absolutely 
useless,  and  it  is  desirable  to  determine 
in  as  short  a  time  as  possible  whether  or 
not  a  cement  possesses  this  characteris- 
tic. Because  a  cement  carries  the  re- 
quired strain  at  the  three  and  seven  days' 
tests,  it  should  by  no  means  be  assumed 
that  it  will  not  blow.  Many  cements  are 
slow  in  developing  this  characteristic,  . 
and  may  even  carry  through  the  twenty- 
eight  days'  test  successfully  and  blow 
after  that.  It  is  usual  to  make  pats  of 
cement  on  pieces  of  glass,  or  other  non- 
porous  material,  to  place  them  in  water 
directly  they  are  set,  and  examine  them 
each  day,  and  see  if  any  cracks  show 
themselves,  first  of  all,  around  the  edges. 
Now,    with  all  deference    to    those   who 
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carry  out  this   experiment.     The   author 
regrets  to  say  that   he  has   never  been 
able  to  arrive  at  any  satisfactory  conclu- 
sion from  the  examination   of  the  pats. 
If  the  cement  is  really  a  blowey  cement, 
the  briquettes  will  develop  the  cracks  as 
well  as  the  pats,  and,  therefore,  the  pats 
are  of  no  use ;  if  the  pats  blow  and  the 
briquettes  do  not,  and  carry  the  desired 
strain  when  tested,  the  inference  is  that 
the  pats  were  put  in  the  water  too  soon, 
and  before  they  were  set,  and  thus  the 
blowing  is  accounted  for.     Cements  vary 
so  much  in  their  behavior  when   placed 
in  water  before    they  are  set.     A  slow- 
setting  cement,  which   should   generally 
be  a  well  made  one,  will   fall  entirely  to 
pieces  if  put  in   water  before   it  is  set, 
and  will   afterwards   harden    up  in   the 
form  in  which  it  has  fallen,  while  a  quick- 
setting  one,  i.  e.,  an   overclayed  cement, 
will  set  quicker  and  harder  if  put  in  water 
immediately  on  being  gauged ;  in  fact, 
many  cements  may  be  gauged  and  made 
up  into  a  ball  and  put  in  water  at  once, 
and  will  not  alter  in  form    nor  disinte- 
grate in  the  slightest    degree,  but  will 
harden  up  as  quickly,  or  even  more  quick- 
ly than  if  left  in  the  air.     To  get  over 
these  difficulties  the  author  uses  in  his 
testing  room  an  apparatus  by  means  of 
which  he  is  able  to  determine  the  sound- 
ness of  cement  in  twenty-four  hours,  or 
even  less.     He   brings   it   forward  with 
some    diffidence,    for    the     reason    that 
though  he  has  used  it  now  continuously 
for    some    years,  and    has    never   been 
wrong  in  an  opinion  formed  by  its  indi- 
cation, in  the  hands  of  the  unskillful  or 
careless  much  harm  might  be  done,  and 
many  good  cements  condemned ;  in  fact, 
it  is  more  suited  to  a  laboratory  than  to 
a  testing  room.     It  is  well  known  that  a 
moist  heat  is  conducive  to,  and  accelerates, 
the   setting   of  cement.     A  dry  heat,  al- 
though    it     may    make    a    cement    set 
quicker    is    not    beneficial,    because    it 
tends    to    make    it    friable    by   remov- 
ing  from    it    the    water    which    is    re- 
quired   for    its    perfect    crystallization. 
When  a  cement  is  set  it  may  be  materially 
hardened  by  immersing  it  in  a  warm  sil- 
icious  bath,  and  the  combination  of  the 
moist  heat  and  the  warm  silicious  bath 
has  formed  the  subject  of  a   patent  by 
the  author  for  accelerating  the  hardening 
of  concrete.     Now,  the  author's  method 
of  determining    the   soundness  of  a  ce- 


ment is  based  on  the  theory  that  by  ac- 
celerating the  setting  and  induration  of 
a   sample,  all  its   properties,  good   and 
bad,  are  developed  in  a  short  time,  and 
hence  the  result,  which,  in  the  ordinary 
course  of  things,  would   not  be   known 
for,  at  all  events,  some  days,  and  it  might 
be  weeks,  is  determined  and  ascertained 
in  a  comparatively  short  time.     Follow- 
ing out  this  idea,  the  apparatus  was  de- 
signed, which  consists  of  two  vessels,  the 
one  inside  the  other,  the  annular  space 
between  the  two  being  filled  with  water, 
which  tends  to  maintain  the  inner  one, 
which  may  be  called  the  working  vessel,, 
at  a  fairly  even  temperature.   Underneath 
is  arranged  a  lamp  or  gas  burner,  which 
is  so  regulated  that  the  water  which  fills 
the  working  vessel  is  maintained  at  an 
even  temperature  of  110°  Fahr.     Inside 
the  working  vessel,  above  the  water  line, 
are  arranged  ledges,  on  which  the  pats 
of  cement   are    placed   directly  they  are 
gauged,  the  slight  evaporation  from  the 
water  tending  to  keep  the  upper  portion 
at   a    moist   temperature   of    about   95° 
Fahr.     A  thermometer  is  placed  in  the 
water,  and  projects  through  the  cover,  so 
that  the  temperature  may  at  all  times  be 
ascertained.     It  is  also  usual  to  insert  a 
maximum  thermometer,  so  that  any  un- 
due increase  in  temperature  through  va- 
rying pressure  of  the  gas  may  be  ascer- 
tained.    If,  during  the  night  or  tempo- 
rary absence,  it  is  found  that  the  temper- 
ature of  the  bath  has  risen  much  above 
120°,  the  fact  of  a  pat  having  blown  is 
not  taken  as  an  indication  that  the  ce- 
ment is  unsound,  but  that  excess  of  heat 
has  been  the  cause.    Hence  the  diffidence 
of  the  author  in  placing  the  apparatus  in 
unskilled  or  careless  hands.     Any  sound 
cement  treated  in  this  manner  will  stand 
120° — some  much  more,  even  as  much  as 
140°  ;  but  many  really  unsound  cements 
will  stand  100°  to  105°  for  the  twenty- 
four    hours    without    showing    decided 
signs  of  blowing.     The  steamer,  as  it  is 
called,  for  want  of  a  better  and  more  ap- 
propriate name,  having  been  started  and 
regulated,  the  pat  of  cement  on  a  glass 
slab  is  placed  on  the  rack  directly  it  is 
made,  where  it  is   left  for  four  or  five 
hours.     The  exact  time  is  not  of  much 
importance,  but  the  pat  should  be  per- 
fectly set.     It  is  then  taken  off  the  rack 
and  put  in  the  warm  water  underneath, 
where   it  is  left   for    about   twenty-four 
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hours  from  the  time  of  its  being  made. 
If  it  is  then  still  hard  and  tight  on  the 
glass  there  is  no  doubt  that  the  cement 
is  perfectly  sound ;  if  even  it  is  off  the 
glass,  but  presents  a  smooth  glazed  sur- 
face, the  cement  may  be  considered 
sound.  If,  having  left  the  glass,  it  is 
cracked  on  the  under  surface,  the  cement 
is  looked  upon  with  suspicion,  and  an- 
other trial  is  made,  as  the  seeming  un- 
soundness of  the  pat  may  possibly  only 
be  due  to  the  extreme  freshness  of  the 
cement.  If  the  pat  is  thoroughly  blown, 
there  is  not  much  to  say  in  favor  of  the 
cement. 

The  specification  which  is  deduced 
from  the  foregoing  remarks  is  extremely 
simple,  and  is  as  follows  : 

1.  Fineness. — To  be  such  that  the  cement 
will  all  pass  through  a  sieve  having  625 
holes  (25  by  25)  to  the  square  inch,  and 
leave  only  10  per  cent,  residue  when 
sifted  through  a  sieve  having  2,500  holes 
(50  by  50)  to  the  square  inch. 

2.  Soundness. — That  a  pat  made  and 
submitted  to  moist  heat  and  warm  water 
at  the  temperatures  and  in  the  manner 
already  described,  shall  show  no  signs  of 
blowing  in  twenty-four  hours. 

3.  Tensile  strength. — Briquettes  which 
have  been  gauged,  treated  and  tested  in 
the  prescribed  manner  shall  carry  an  av- 
erage tensile  strain  without  fracture  of 
at  least  175  lbs.  per  square  inch  at  the 
expiration  of  three  days  from  gauging, 
and  those  tested  at  the  expiration  of 
seven  days  from  gauging  shall  show  an 
increase  of  at  least  50  per  cent,  over  the 
strength  of  those  at  three  days ;  but  the 
briquettes  broken  at  the  seven  days'  test 
shall  carry  an  average  tensile  strain  with- 
out fracture  of  at  least  350  lbs.  per  square 
inch. 

Such  a  specification  meets  all  require- 
ments, and  satisfies  the  peculiarities  of 
nearly  all  cements,  except,  perhaps,  the 
very  quick  setting  ones,  for  which  a 
slight  variation  in  the  tensile  strength 
and  percentage  of  increase  between  the 
dates  named  would  have  to  be  made. 

The  present  paper  would  hardly  be 
complete  without  a  few  remarks  as  to 
the  manner  of  taking  samples  for  testing. 
There  are  certain  precautions  to  be  ob- 
served, as  well  in  the  interests  of  the 
user  as  in  those  of  the  manufacturer, 
and  it  is  always  desirable,  in  order  to 
avoid  a  multiplicity  of  tests,  to  obtain  a 


fair  sample  of  the  whole  delivery.  If  the 
sample  is  taken  from  bulk  in  the  manu- 
facturer's warehouse,  at  least  seven  or 
eight  samples  should  be  taken  from  each 
100  tons.  They  should  be  taken  from 
different  parts  of  the  heap,  and  not  from 
the  surface  or  outsides,  but  from  about 
a  spit  down.  These  should  be  taken  to 
a  clean  part  of  the  warehouse  floor  and 
thoroughly  mixed  by  being  turned  over 
and  over  with  a  shovel,  and  sufficient  of 
this  (about  10  lbs.  is  enough)  should  be 
taken  for  testing.  If  in  barrels  or  sacks, 
one  or  two  samples  should  be  taken 
from  each  hundred  and  mixed  in  the 
same  way.  The  samples  in  this  case 
should  be  taken  well  from  the  center  of 
the  barrels  or  sacks,  as  the  outsides  may 
have  been  damaged  by  exposure  or  other 
causes  over  which  the  manufacturer 
has  no  control.  Samples  in  this  way 
should  be  taken  from  about  each  100  tons 
and  tested  separately.  It  is  always  de- 
sirable, when  time  permits,  and  especially 
when  sampling  from  bulk,  to  spread  the 
cement  out  on  a  tray  for  a  day  or  two  to 
allow  it  to  cool  before  commencing  the 
test.  Theoretically,  a  Portland  cement 
may  be  used  directly  it  comes  from  the 
millstones,  but  in  practice  this  is  not 
found  to  be  the  case,  hot,  fresh  cement 
being  always  more  or  less  dangerous  to 
use,  and  the  remark  that  applies  to  the 
cooling  of  the  sample  previously  to  test- 
ing also  applies  to  the  treatment 
of  the  cement  before  using  it.  As 
soon  as  it  arrives  at  its  destination  let 
it  be  turned  out  of  the  sacks  or  barrels 
on  to  a  cool  and  dry  warehouse  floor, 
and  there  let  it  remain  as  long  as  pos- 
sible, turning  it  over  occasionally.  Un- 
less it  gets  wet  or  damp,  it  will  not  de- 
teriorate in  quality,  but  will  improve.  It 
may  perhaps  be  said  that  the  manufac- 
turer should  deliver  the  cement  properly 
cooled  and  fit  for  use,  but  independently 
of  the  purely  commercial  reasons  which 
suggest  to  the  manufacturer  the  advisa- 
bility of  not  keeping  too  large  a  stock, 
the  amount  of  warehouse  space  which  he 
would  require  if  this  were  the  practice, 
would  be  out  of  all  proportion  to  the  size 
of  the  rest  of  the  works. 

In  the  early  part  of  the  paper  the  au- 
thor used  the  word  "  adulterant "  when 
referring  to  the  coarse  particles  of  a  ce- 
ment. He  refers  to  it  again,  because  the 
Cement-Makers'  Union   in  Germany  has 
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lately  had  a  paper  submitted  to  it,  being 
the  result  of  certain  experiments  by  Dr. 
Fresenius,  made  with  the  object  of  de 
ciding  whether  or  no  a  cement  is  adulter- 
ated. Dr.  Fresenius  says  that  cement 
has  lately  been  much  adulterated  with  a 
material  so  similar  to  what  cement  should 
be,  that  even  chemical  analysis  fails  to  de- 
tect it,  and  he  therefore  submits  to  the 
Union  a  number  of  tests,  or  rather  chemi- 
cal processes,  by  which  such  adulteration 
may  be  detected.  The  author  is  glad  to 
say  that  in  his  practice  he  has  never  yet 
met  with  an  adulterated  English  cement, 
any  shortcomings  in  a  cement  having 
been  due  in  all  cases  to  more  or  less 
faulty  manufacture,  or  to  the  use  of  im- 
proper raw  materials.  As  every  matter 
of  chemical  research,  or  it  may  be  said  of 
testing,  connected  with  cement  which  em- 
anates from  Germany  has  great  weight 
with  many  in  this  country,  the  author 
thinks  it  but  right  that  he  should  say 
this  much  in  honor  of  the  English  manu- 


facturers who  have  not  had  the  opportu- 
nities of  the  technical  education  which  is 
so  general  in  Germany,  and  which  seems, 
in  this  particular  manufacture,  at  all 
events,  to  have  enabled  the  pupil  to  cir- 
cumvent the  master. 

So  far  as  regards  these  special  tests 
advocated  by  Dr.  Fresenius,  the  author 
is  not  in  a  position  to  say  whether  they 
are  of  much  value  ;  he  is  at  present  try- 
ingjthem  in  his  laboratory,  and  may  be  able 
to  say  more  about  them  on  a  future  occa- 
sion. Prima  facie,  it  would  seem  that 
they  are  not  required,  for  evidently  if  the 
adulteration  is  carried  to  any  great  ex- 
tent, the  ordinary  tests  for  tensile 
strength  would  detect  it.  However,  the 
user  may  be  quite  satisfied  that  when  us- 
ing English  cement,  he  may  have  a  bad 
or  an  unsound  one,  which  the  tests  advo- 
cated in  this  paper  will  detect,  but  he  is 
not  at  all  likely  to  meet  with  an  adulter- 
ated one. 


THE  RELATIONS  BETWEEN  ENGINEERING  AND 
ARCHITECTURE.* 

By  W.  GOLD  STRAW. 

From  "The  Building  News." 


What  are  the  relations  between  engi- 
neering and  architecture  ?  We  may  take 
them  to  be,  on  a  reduced  scale,  the  rela- 
tions between  science  and  art.  Indeed,  it 
is  scarcely  an  exaggeration  to  say,  that  the 
numerous  objects  brought  together  in 
the  great  museums  of  science  and  art 
are  but  illustrations  of  engineering  and 
architecture  in  the  widest  sense,  with 
their  accessory  arts  and  sciences.  These 
two  great  departments  of  knowledge  and 
skill  are  complementary  to  each  other,  as 
the  masculine  and  feminine  natures, 
strength  predominating  in  the  one  and 
grace  in  the  other ;  and  although  they 
have  many  characteristics  in  common, 
they  have  each  their  special  place  and 
functions.  It  may  be  useful,  therefore, 
and  will,  at  least,  be  interesting,  to  essay 
a  brief  consideration  of  their  relative 
positions   and   values   as  honorable  and 

*  A  paper  read  before  the  Liverpool  Engineering 
Society. 


lucrative  professions.  In  order  to  get 
clear  ideas  on  the  subject,  let  us  try  to 
attach  a  definite  meaning  to  the  expres- 
sions employed.  What  is  engineering? 
For  an  answer  to  this  question  we  natur- 
ally turn  to  the  great  Society  which  is 
the  recognized  embodiment  of  all  that  is 
foremost  in  the  engineering  world.  Now, 
the  Charter  of  the  Institution  of  Civil 
Engineers  contains  a  lengthy  attempt  at 
a  definition  of  "that  species  of  knowledge 
which  constitutes  the  profession  of  a 
Civil  engineer."  It  is  there  described  as 
u  the  art  of  directing  the  great  sources 
of  power  in  nature  for  the  use  and  con- 
venience of  man,  as  the  means  of  produc- 
tion and  of  traffic  in  States,  both  for  ex- 
ternal and  internal  trade."  This  is  the  gist 
of  the  definition,  which  then  goes  on  to 
specify  five  main  branches  of  "  the  art,"  "  as 
applied  (1st)  in  the  construction  of  roads, 
bridges,  aqueducts,  canals,  river  naviga- 
tions and  docks,  for  internal  intercourse 
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and  exchange ;  and  (2d)  in  the  construc- 
tion of  ports,  harbors,  moles,  break- 
waters and  lighthouses  ;  and  (3d)  in  the 
art  of  navigation  by  artificial  power  for 
the  purpose  of  commerce  ;  and  (4th)  in 
the  construction  and  adaptation  of  ma- 
chinery ;  and  (5th)  in  the  drainage  of 
cities  and  towns."  This  definition  is  not 
very  clear,  and  not  quite  comprehensive. 
There  is  no  mention  of  railway,  mining, 
hydraulic,  gas,  or  electric  engineering  ; 
and  it  is  only  with  great  difficulty  that 
these  important  branches  of  the  subject 
can  be  brought  within  the  scope  of  defini- 
tion. The  fact  that  some  of  them  had 
not  been  developed  at  the  date  of  the 
Charter  is  not  a  sufficient  answer  to  the 
objection,  and  even  this  explanation  does 
not  account  for  the  omission  of  mines 
and  waterworks.  Too  much  stress  is 
laid  on  using  the  power  of  Nature  "  as 
the  means  of  production  and  of  traffic '' 
for  purposes  of  trade,  whilst,  at  the  same 
time,  what  has  come  to  be  "  sanitary  en- 
gineering" is  distinctly  included.  These 
considerations  incidentally  show  the  wis- 
dom exercised  by  the  founders  of  the 
Liverpool  Engineering  Society  iD  adopting 
so  expressive  and  practical  and  compre- 
hensive a  title,  and  in  admitting  to  its 
membership  "  engineers  of  any  branch  of 
the  profession."  It  is  engineering  with 
which  we  are  concerned,  not  any  one 
branch  of  it,  not  even  such  an  extensive 
one  as  that  known  as  civil  engineering. 
And,  without  venturing  on  any  exact 
definition,  it  will  perhaps  be  sufficient  to 
say  that  engineering  is  that  entire  sys- 
tem of  knowledge  and  skill  which  com- 
prises all  mechanical  pursuits  so  far  as 
they  supply  the  material  wants  of  men. 
What  is  architecture  1  "  The  art  of  or- 
namental and  ornamented  construction," 
chiefly  as  applied  to  buildings  and  such- 
like structures.  Building,  considered  as 
a  science,  is  clearly  an  important  branch 
of  engineering.  And,  as  architecture  is 
chiefly  concerned  with  building,  it  follows 
that  engineering  is,  in  one  aspect,  an  essen-  j 
tial  component  of  architecture,  though  the 
science  may  subsist  without  the  art.  In 
other  words,  whilst  there  can  be  no 
architecture,  without  engineering,  there ; 
may  be  engineering  without  architecture.  | 
Therefore  we  are  led  to  the  conclusion 
that  architecture  is  the  development  and  I 
refinement  of  an  important  branch  of  en-  j 
gineering.     Thus,  in  a  certain  sense,  the  | 


profession  of  architecture  is,  in  its  higher 
capabilities,  more  honorable  than  that  of 
engineering.  For  it  is  disparaging  to 
any  particular  architect  to  say  of  him 
that  he  is  merely  an  engineer,  since  this 
is  equal  to  saying  that,  so  far  as  his  ar- 
tistic abilities  are  concerned,  he  is  not  an 
architect  but  a  builder.  And,  on  the 
other  hand,  it  is  not  regarded  as  a  dis- 
credit to  an  engineer  to  pronounce  him 
to  be  no  architect.  The  sum  of  these 
considerations  is  that  engineering  con- 
struction is  scientific  and  utilitarian, 
whilst  architectural  construction  is  not 
only  scientific  and  utilitarian,  but 
is  also  ornamental,  and  even  artistic  or 
beautiful.  This  distinction  is  not  exact, 
and  cannot  be  made  so.  At  the  same 
time  it  is  practically  convenient,  and  ex- 
presses the  principal  facts.  Having 
cleared  the  way  thus  far,  it  may  be  profit- 
able to  inquire  (1st)  whether  the  relations 
between  engineering  and  architecture  are 
fixed  and  unalterable,  and  (2d)  whether, 
if  they  are  not  permanent,  it  is  desirable 
that  they  should  be  modified  in  prac- 
tice. Now,  when  we  endeavor  to  ascer- 
tain whether  the  relative  positions  of 
these  pursuits  are  stable  or  not,  we  have 
to  glance  at  their  history.  With  regard 
to  engineering,  many  of  the  mechanical 
arts  and  sciences  comprised  in  it  are  so 
modern  in  their  origin  and  development 
that  they  can  hardly  be  said  to  have  a  his- 
tory. Engineering,  as  a  profession  dis- 
tinct from  architecture,  is  a  thing  of  to- 
day. Architecture  also,  as  a  "  profes- 
sion," is  comparatively  modern.  But  en- 
gineering and  architectural  pursuits  have 
occupied  men's  talents  and  energies 
from  the  earliest  times.  They  were  al- 
ways formerly  practiced  by  the  same  per- 
sons. The  new  feature  is  that  they  now 
diverge  into  separate  channels.  This  is, 
of  course,  only  a  phase  of  the  19th-cen- 

i  tury  system  of  the  division  of  labor.  And 
as  that  principle  is  constantly  operating 
in   all   departments   of    knowledge    and 

i  skill,  and  must  go  on  dividing  and  sub- 
dividing every  trade  and  profession  as  the 

|  knowledge  and  skill  grow  more  exact  and 
positive,  it  appears  quite  probable  that 
engineering  and  architecture,  as  now 
understood,  will  never  again  be  practiced 
together  to  any  great  extent  by  the  same 
persons  at  the  same  time.  But,  as  we 
have  said,  it  was  not  always  so.  And 
there  is  no  reason  in  the  essential  nature 
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of  things  why  it  should  be  so,  now. 
Chiefly,  what  may  be  said  is  that  the  re- 
quirements of  latter-day  science  have 
made  it  inconvenient  and  difficult  for 
any  one  man  to  follow  at  once  engineer- 
ing and  architecture  equally  well.  And, 
secondarily,  it  must  be  acknowledged  that 
modern  ideas  as  to  the  province  of  the 
architect  have  much  to  do  with  the  sev- 
erance which  we  are  considering.  It  ap- 
pears to  be  taken  for  granted  that  the 
work  of  the  architect  should  be  confined 
entirely  to  buildings.  But  the  modern 
historian  of  architecture  (Fergusson) 
maintains  that  "  there  are  no  objects  that 
are  usually  delegated  to  the  civil  engi- 
neer which  may  not  be  brought  within 
the  province  of  the  architect.  A  bridge, 
an  aqueduct,  the  embankment  of  a  lake, 
or  the  pier  of  a  harbor,  are  all  as  legiti- 
mate subjects  for  architectural  ornament 
as  a  temple  or  a  palace.  They  were  all 
so  treated  by  the  Romans  and  in  the 
Middle  Ages,  and  are  so  treated  up  to 
the  present  day  in  the  remote  parts  of 
India,  and  wherever  true  art  prevails." 
Now,  this  is  but  equal  to  saying  that  in 
many  large  public  works  there  is  room 
for  the  engineer  and  the  architect  alike, 
or,  at  least,  for  their  special  talents.  The 
architect  should  have  some  advantage, 
however,  in  the  fact  that  the  scope  of  his 
calling  is  wider,  if  fairly  regarded,  as  it 
includes  much  that  is  simply  engineering. 
But  if  the  principle  of  the  division  of 
labor  is  to  run  to  its  natural  issue,  archi- 
tecture will  be  considered  as  supplement- 
ary to  engineering,  not  subordinate,  per- 
haps, but  rather  superior,  in  the  sense 
of  its  being  the  application  of  embel- 
lishment to  the  naked  structure,  or  the 
incorporation  of  ornament  into  it,  or  the 
tasteful  disposition  of  its  parts.  For,  as 
Fergusson  says,  "where  the  engineer 
leaves  off,  the  art  of  the  architect  begins. 
His  object  is  to  arrange  the  materials  of 
the  engineer,  not  so  much  with  regard  to 
economical  as  to  artistic  effects,  and  by 
light  and  shade,  and  outline  to  produce 
a  form  that,  in  itself,  shall  be  permanent- 
ly beautiful/'  If  these  considerations  are 
allowed  to  have  due  weight,  they  tend  to 
show  that,  although  the  connection  be- 
tween engineering  and  architecture  has 
become  relaxed,  it  is  quite  capable  of  be- 
ing drawn  tighter,  and  that  the  two 
branches  of  construction  are  by  no  means 
firmly  settled  apart,  notwithstanding  the 


force  of  convenience  and  custom,  and  the 
general  disregard  of  art  and  beauty.  It 
is,  therefore,  practically  possible  that  the 
engineer  should  be  more  of  an  architect, 
and  that  the  architect  should  be  more  of 
an  engineer.  We  may  now  turn  to  the 
second  part  of  our  inquiry.  For,  if  we 
have  shown  that  the  relations  between 
engineering  and  architecture  are  not 
fixed  and  unalterable,  the  question  nat- 
urally follows,  Whether  it  is  desirable 
that  those  relations  should  be  modified 
in  practice.  Now,  the  answer  to  this 
question  will  depend  upon  another,  which 
has  already  been  touched  at  some 
points :  How  does  the  present  arrange- 
ment work?  Take,  for  instance,  the 
specially  modern  case  of  a  railway  and  its 
appurtenances.  The  actual  railway  it- 
self, both  as  to  the  surveys  for  its  course 
and  the  planning  and  construction  of  its 
different  parts,  is  the  work  of  the  engi- 
neer. The  tunnels  and  bridges  are  as 
properly  assigned  to  him  as  are  the 
track  and  signals.  And,  in  many  in- 
stances, the  station  buildings  are  regard- 
ed as  coming  equally  within  his  province 
to  design.  If,  however,  the  buildings  are 
of  great  extent,  and  occupy  an  imposing 
site  in  a  large  town,  they  are  sometimes 
put  into  the  hands  of  an  independent 
architect,  with  a  view  to  insuring, 
amongst  other  things,  a  fairly  artistic 
effect.  This  is  constantly  the  case  when 
the  station  buildings  are  connected  with 
an  hotel  placed  so  as  to  mask  the  station 
itself.  And,  although  the  smaller  or 
country  stations  are  frequently  designed 
by  the  engineers  of  the  company,  there 
are  instances  where  high-class  architect- 
ural firms  are  employed  to  take  in  hand 
everything  in  the  nature  of  buildings 
connected  with  these  stations,  including 
even  the  roofs  of  iron  and  glass,  which 
are  often  of  greater  extent  than  the  actu- 
al buildings  and  attract  more  readily  the 
notice  of  the  public.  So  that  in  these 
examples,  whilst  we  see  the  architect  and 
the  engineer  each  venturing  into  the 
other's  domain,  or  what  is  usually  so  con- 
sidered, we  see  also  that  the  architect  is 
the  chief  aggressor  and  gets  most  of  the 
spoil.  When,  however,  the  engineer 
reaches  the  open  country,  or  even  the 
streets  of  the  town,  he  works  his  own  will 
on  the  bridges,  viaducts,  embankments, 
tunnels,  ventilating  shafts,  et  hoc  genus 
omne.     Especially  with  regard  to  goods 


RELATIONS   BETWEEN    ENGINEERING   AND   ARCHITECTURE. 


225 


stations   and   warehouses,    the    engineer 
has  it  all  his  own  way,   and  directs  the 
expenditure  of  vast  sums  on  these  build- 
ings, acting  in  the  capacity  of  an  ordinary 
architect.     In  this  respect  the  architect 
may  consider  that  his  preserves  are  be-  j 
ing  poached  by  the  engineer.     Turning 
now  to  another  branch  of   engineering, 
that  connected  with  waterworks,  what  do 
we  find  ?     The  reservoirs  and  pipe  lines,  \ 
and  the  works  connected  therewith  ;  tun- 
nels, bridges,  and  pumping  stations,  with  | 
their  buildings  and  machinery,  all  come 
naturally  within  the  engineer's  legitimate 
business.     And  none  of  these  works  are 
now   even   thought   of  as   belonging   to 
architecture,     although    there    is    much 
scope  for  architectural  taste  in  many  of 
the  embankments,  aqueducts,  towers,  en- 
gine-houses and  such  like  structures.    At 
any  rate,  since  the  rise  of  engineering  as 
a  separate  profession,  the  architect  has 
had    to    yield    up   possession   of    these 
works.     When,  however,   the   water  has 
been  durv  conveyed  to  a  large  town,  and 
the   question    of  providing  public  baths 
and  wash-houses  presents  itself,  the  archi- 
tect either  steps  in  or  is  called  in,  and 
the  buildings,  at  least,  are  made  to  re- 
ceive the  impress  of  his  art,  even  though 
the  actual  purposes  of  the  edifice  have  to 
be  fulfilled  by  the  special  work  of  me- 
chanical   and    hydraulic    engineers.      In 
some  cases,  it  is  true,  the  local  authori- 
ties do  not  employ  an  independent  archi- 
tect to  design  such  buildings,  but  entrust 
them    to     then     own     town     surveyor, 
borough  engineer,  or  water  engineer,  or 
whatever  his  official  style  happens  to  be. 
This  officer,  from  the  nature  of  his  duties, 
has  really  a  dual  character.     With  regard 
to  the  now  more  or  less  distinct  vocations 
of  engineering  and  architecture,  he  has  to 
fulfill   a   double  function,    which   is,    of 
course,  not  confined  to  the  erection  of  the 
buildings   we   have  mentioned,    but   ex- 
tends to  all  the  various  engineering  and 
architectural  works  of  the  public  author- 
ity in  whose  service  he  is  engaged.     And 
so  with  the  dock  and  harbor  engineer. 
Although  in   his  case,  undoubtedly  the 
bulk   of  his   work  is   such   as   must   be 
classified  now-a-days  as  engineering,  yet 
he  is  called  upon  to  design  and  construct 
many     buildings    and    other    structures 
which  have,  or  should  have  a  decidedly 
architectural    character,    such    as    piers, 
lighthouses,  hvdraulic   machinery  build- 
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ings,  public  waiting-rooms  and  offices,clock 
towers,  and  other  erections.  Here,  again, 
the  engineer  may  be  said  to  trench  upon 
the  hereditary  domains  of  his  cousin  the 
architect.     Even  in  connection  with  the 
partially  lapsed  art  of  canal  making,  the 
engineer  is  probably  destined  to  renew 
his   acquaintance  with  the  architectural 
features  of  numerous  locks,  bridges,  and 
aqueducts,    to  be   constructed   (even   in 
this  iron  age)  for  the  most  part  of  stone, 
which  has  always  been  the  pet  material 
of  the  architect.     As  to  the  followers  of 
the  more  purely  mechanical  branches  of 
engineering,    so   closely   connected  with 
machinery,  they  are  developing  a  kind  of 
natural    affinity    for    architectural    work 
in  quarters  where  it  was  least  expected. 
In  times  not  long  past,  the  projectors  of 
extensive  factories  and  works  to  be  fitted 
up    with   peculiar   or    costly    machinery 
j  were  accustomed  to  employ  an  architect 
for   the  erection  of  the  building  and  a 
special  engineer  for  the  supplying  and 
fixing    of    the    machinery.     Considering 
that  an  ordinary  architect  is  equally  ready 
to  design  a  church  or  a  distillery,  it  is 
hardly  surprising  that  his  Ishmaelite  re- 
lation, the  engineer,  should  wrest  from 
him  some  of  the  specialties,  and  appro- 
priate them  to  himself.     Accordingly,  we 
find  new  tribes  of  the  great  engineering 
family   flourishing    as   gas    works    engi- 
I  neers,    sugar   works    engineers,    brewery 
engineers,  cotton  and  silk  mill  engineers, 
and  so  forth,  who  undertake  the  design- 
ing and  constructing  of  the  great  piles  of 
buildings  which  are  to  enshrine  the  ma- 
chines and  engines  required  for  that  par- 
ticular trade  or  industry.     Occasionally 
it  happens,  nevertheless,  that  an  archi- 
tect of  high  standing,   chiefly  concerned 
with  the  more  artistic  side  of  his  voca- 
tion,  is  employed  to   plan   and  execute 
buildings  which  are  now  by  general  con- 
sent, regarded  as  the  proper  work  of  the 
engineer.  In  such  cases  as  these,  whether 
it  is  of  their  own  will  or  at  the  will  of 
the  public,  the  members  of  the  two  pro- 
fessions are  playing  a  friendly  game  of 
tit  for   tat.     The   present   condition    of 
things,    then,    appears   to   be   this :  The 
practical  relation    between    engineering 
and  architecture  are  not  sharply  defined 
nor  carefully  observed.     We  may  now  re- 
cur to  the  question  whether  those  rela- 
tions ought  to  be  modified.    If  so,  should 
the  two  great    branches  of  constructive 
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skill  be  drawn  closer  together,  or  should 
they  be  made  more  distinctly  separate  ? 
Now,  can  it  be  maintained  that  the  pres- 
ent state  of  affairs  is  satisfactory  !  This 
is  not  a  quasi-philosophical  question,  but 
a  very  practical  one.  Two  kinds  of  in- 
terests are  involved  in  it — the  interests 
of  the  persons  whose  occupation  or  live- 
lihood is  concerned  in  it,  and  the  inter- 
ests of  art  in  its  sesthetic  aspect,  whereby 
intellectual  happiness  is  influenced.  Well, 
in  so  far  as  uncertainty  and  confusion  ex- 
ist in  the  relations  between  engineering 
and  architecture,  it  seems  expedient  that 
their  boundaries  should  be  more  exactly 
laid  down.  Like  two  great  political 
States,  these  two  great  professions,  as 
they  grow  more  powerful  and  approach 
more  closely,  have  the  greater  need  of  a 
clear  understanding  as  to  their  natural 
and  scientific  frontiers.  In  this  age,  few 
professional  men  can  govern  in  both 
provinces.  Even  the  admirable  Crichtons 
will  have  enough  to  do  with  their  tal- 
ents in  either  domain.  But  as  things 
are,  we  see  one  practitioner  styling  him- 
self "  Civil  Engineer  and  Architect,'' 
whilst  another  is  described  as  "  Architect 
and  Civil  Engineer."  These  men  are  no 
doubt  at  present  performing  a  special 
and  useful  function.  But  the  race  will 
die  out.  A  pupil  articled  to  such  an  en- 
gineering architect  must  be  greatly  per- 
plexed by  his  divided  allegiance  to  Ran- 
kine  on  the  one  side,  and  Palladio  or 
Pugin  on  the  other.  It  was  much  easier 
for  Tintoretto  to  live  up  to  his  motto, 
"  The  day  to  Titian ;  the  night  to  Michael 
Angelo,"  than  for  a  nineteenth- century 
student  to  set  his  affections  profitably  on 
Gothic  vaulting  or  the  Ionic  capital, 
when  he  is  chiefly  engaged  in  a  sewerage 
scheme,  or  a  system  of  tramways. 
Clearly,  it  is  desirable  that  he  should 
understand,  as  far  as  possible,  the  dis- 
tinction between  engineering  and  archi- 
tecture, even  if  he  has  to  draw  an  arbi- 
trary line  for  his  own  observance.  But  in 
thus  making  the  two  professions  more 
distinctively  separate,  there  is  no  reason 
why  the  natural  bond  between  them 
should  not  be  respected  or  even  drawn 
tighter.  If  architecture  is  the  mother, 
and  engineering  the  daughter,  they 
should  be  on  good  terms.  Nevertheless, 
a  man  does  not  marry  his  mother-in-law, 
and,  as  a  rule,  they  agree  better  when  liv- 
ing  apart.     Let   the   engineer    and  the 


architect  each  stick  to  his  last.  Whilst,, 
however,  he  practices  his  special  calling 
only,  he  ought  to  have  a  considerable 
knowledge  of  the  other  profession  in 
those  points  where  he  necessarily  touches 
it.  The  architect  cannot  be  well  quali- 
fied generally  if  he  is  ignorant  as  to  the 
capabilities  of  iron  columns  and  girders, 
and  of  concrete  floors,  the  overturning 
force  of  the  wind,  the  pressure  of  em- 
bankments against  walls,  and  the  laws  of 
mechanics.  Nor  can  the  engineer  satis- 
factorily design  his  bridges  and  towers  if 
he  has  no  knowledge  whatever  of  either 
the  Classic  orders  or  Gothic  styles.  For, 
although,  as  Fergusson  remarks,  "  it  is 
not  essential  that  the  engineer  should 
know  anything  of  architecture,  it  is  cer- 
tainly desirable  that  he  should  do  so. 
On  the  other  hand,  it  is  indispensably 
necessary  that  the  architect  should  under- 
stand construction.  Without  that  knowl- 
edge, he  cannot  design  ;  but  it  would 
be  well  if,  in  most  instances,  he  could 
delegate  the  mechanical  part  of  his  task 
to  the  engineer,  and  so  restrict  himself 
entirely  to  the  artistic  arrangement  and 
ornamentation  of  his  design.  This  di- 
vision of  labor  is  essential '  to  success, 
and  was  always  practiced  where  art  was 
a  reality  ;  and  no  great  work  should  be 
undertaken  without  the  union  of  the  two. 
Perfect  artistic  and  perfect  mechanical 
skill  can  hardly  be  found  combined  in 
one  person,  but  it  is  only  by  their  joint 
assistance  that  a  great  work  of  archi- 
tecture can  be  produced."  If  this  be  so,, 
and  it  will  hardly  be  doubted,  the  work 
of  the  man  who  styles  himself  architect 
and  engineer  is  not  likely  to  be  of  the 
very  highest  merit.  In  the  present  rela- 
tions between  the  two  professions,  how- 
ever, such  a  practitioner  makes  himself 
respected  or  feared  on  both  sides,. 
and  deservedly  so.  But  as  the  dis- 
tinction between  them  becomes  better 
defined  and  more  generally  recog- 
nized by  the  public,  his  position  will 
be  increasingly  difficult,  and  in  the  end 
untenable.  This  need  cause  no  regret, 
for,  as  we  have  seen,  it  is  desirable  in  the 
interests  of  both  professions  that  they 
should  be  as  much  as  possible  practiced 
apart,  even  when  a  considerable  acquaint- 
ance with  both  confers  as  advantage  on 
its  possessor.  We  appear,  then,  to  have 
been  led,  whether  we  are  willing  or  not,, 
to  the  conclusion   that  engineering  and 
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architecture  ought  to  be  made  more  dis- 
tinctively separate.  But  can  they  not,  at 
the  same  time,  be  in  some  way  more 
closely  united?  If  an  ordinary  man  is 
not  Colossus  enough  to  bestride  the 
strait  between  the  two  professions,  may 
he  not  take  his  stand  on  one  side  and 
join  hands  with  his  friend  on  the  other  ? 
Now  this  thought  brings  us  to  a  practi- 
cal suggestion,  with  which  this  paper 
may  fitly  be  drawn  to  a  close.  Seeing 
that  engineering  and  architecture  are 
both  concerned  with  building  work,  and 
must  always  approach  each  other  more 
or  less  nearly,  it  would  probably  be  a  suc- 
cessful working  arrangement  in  many 
cases  if  a  well-qualified  engineer  and  a 


well -qualified  architect  were  to  join  in 
partnership.  Such  a  style  as  "  Septimus 
Jones,  F.  R.  I.  B.  A.,  and  Orlando  Smith, 
M.  Inst.  C  E.,  Architects  and  Engineers," 
if  justified  by  the  quality  of  the  work 
done  by  the  firm,  would  carry  weight 
with  the  public,  and  would  secure  many 
commissions  which  Jones  or  Smith  by 
himself  would  fail  to  get,  or  would  im- 
perfectly carry  out.  Thus  we  finish  with 
a  marriage,  and  everyone  is  happy,  or 
ought  to  be  so.  Should  the  blessing  of 
Providence  rest  on  it,  and  any  good  issue 
result  from  it,  then  the  time  spent  in  con- 
sidering this  subject  will  not  have  been 
utterly  wasted. 


THREE  PROBLEMS  IN  RIYER  PHYSICS. 

By  Prof.  J.  B.  JOHNSON,  Washington  University,  St.  Louis,  Mo. 
From  the   Proceedings   of  the  American  Association  for  the   Advancement  of   Science. 


In  the  past  five  or  six  years,  there  has 
been  a  great  deal  of  money  spent  upon, 
and  study  given  to,  many  questions  of  a 
scientific  nature  pertaining  to  the  im- 
provement of  our  western  rivers.  Tour 
attention  is  called  to  some  conclusions 
that  may  be  drawn  from  recent  investi- 
gations on  the  three  following  problems  : 

I.  The  Transportation  of  Sediment 
and  the  Formation  and  Removal  of  Sand 
Bars. 

II.  The  Flow  of  Water  in  Natural 
Channels. 

III.  The  Relation  of  Levees  to  Great 
Floods,  and  to  the  Low  Water  Naviga- 
tion of  Rivers. 

I. — The  Transportation  oj  Sediment 
and  the  Formation  and  Removal 
of  Sand  Bars. 

The  solid  matter  carried  by  streams  of 
variable  discharge  and  cross-section,  flow- 
ing over  sandy  beds,  is  at  once  the  cause 
of,  and  remedy  for,  most  of  the  obstruc- 
tions to  the  navigation  of  such  streams. 
A  proper  understanding  of  this  subject 
is  a  prime  requisite  to  an  adequate  con- 
ception of  the  conditions  governing  the 
flow  of  water  in  natural  channels,  the  im- 
provement of  low  water  navigation,  flood 
confinement,  etc. 


In  all  natural  water  courses,  the  mate- 
rial carried  by  the  stream  may  be  graded 
according  to  the  method  of  its  transporta- 
tion, as, 

First — That  carried  in  continuous  sus- 
pension. 

Second — That  carried  in  discontinuous 
suspension. 

Third — That  carried  by  rolling  on  the 
bottom. 

Sediment  in  Continuous  Suspension. — 
This  is  composed  of  such  finely  divided 
particles  of  clay  and  mud  that  any  slight 
disturbance  of  the  water  in  a  vertical  di- 
rection is  sufficient  to  prevent  its  deposi- 
tion, and  so  it  mostly  remains  in  suspen- 
sion until  it  reaches  the  sea.  A  large 
part  of  the  sediment  carried  by  the  Mis- 
sissippi River  is  of  this  class.  It  mostly 
comes  from  the  western  tributaries,  more 
especially  from  the  Missouri.  If  a  quart 
of  this  water  be  placed  in  a  glass  jar, 
and  set  away,  it  requires  some  ten  days 
for  the  water  to  become  clear.  Evidently, 
this  kind  of  sediment  does  not  form  sand 
bars,  neither  can  the  engineer  avail  him- 
self of  it  in  building  artificial  banks  in 
contraction  works.  It  is  therefore  of  no 
consequence  to  the  river  engineer.  It  is 
neither  helpful  nor  harmful,  and  may  be 
ignored. 
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Sediment  in  Discontinuous  Suspension. 
— This  kind  of  sediment  is  composed  of 
sand,  more  or  less  fine,  according  to  the 
velocity  of  the  stream.  It  is  the  material 
of  which  sand  bars  are  made,  and  it  is 
also  the  material  out  of  which  the  engi- 
neer builds  his  artificial  embankments  by 
the  square  mile  behind  his  permeable 
dykes.  It  is  constantly  being  picked  up 
at  one  point  and  put  down  in  another  by 
the  action  of  a  law  as  unchangeable  as 
the  law  of  gravity.  In  the  river's  tireless 
efforts  to  attain  a  uniform  flow,  it  is  con- 
stantly scouring  out  the  engorged  sec- 
tions, and  filling  in  the  enlarged  sections. 
For  any  given  stage  of  water,  the  vol- 
ume discharged  at  successive  sections  is 
the  same,  but  since  the  sections  do 
not  have  equivalent  areas  the  mean 
velocity  at  successive  points  is  a  con- 
stantly varying  quantity.  The  river 
undertakes  to  overcome  this  inequality 
and  so  engages  in  an  enormous  car- 
rying trade,  which  consists  in  cutting 
out  the  bottom  where  the  section 
is  less  and  the  velocity  more,  and  carry- 
ing this  sand  to  the  first  point  below 
where  the  section  is  more  and  the  veloci- 
ty less,  and  there  it  is  deposited.  Evi- 
dently, if  any  given  stage  of  water  should 
continue  long  enough,  this  double  action 
of  scouring  the  small  sections  and  filling 
the  large  ones  would  result  in  a  nearly 
uniform  flow,  when  such  small  particles 
as  could  be  carried  by  the  resulting  ve- 
locity would  be  so  carried  in  permanent 
suspension,  leaving  a  bed  of  tolerably 
permanent  character,  being  only  influ- 
enced by  the  matter  rolling  on  the  bot- 
tom. But  here  comes  the  trouble.  No 
sooner  has  the  river  set  to  work  to  adjust 
itself  to  any  given  stage,  than  behold,  the 
stage  changes,  and  then  it  must  go  to 
work,  cutting  and  filling  at  new  points, 
and  as  the  stage  is  ever  changing,  the 
river  is  ever  beginning  anew  in  its  end- 
less task. 

It  may  not  be  clear  why  this  change  in 
stage  should  so  disarrange  matters.  Let 
us  see.  The  cause  is  the  great  variation 
in  width.  Take  an  actual  case.  At  Plumb 
Point,  on  the  Mississippi  River,  sixty 
miles  above  Memphis,  the  following  ex- 
tremes were  found  in  1879  on  a  reach 
eight  miles  in  length.* 


*  See  Report  of  Miss.  Riv.  Commission  for  1881,  p. 


Surface  width, 
in  feet, 

Mean  depth, 
in  feet, 

Area  of  section 
in  sq.  ft. 

Mean  velocity 
in  ft.  per  sec. 

Fall  per  mile 
in  feet, 
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(Low        " 
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"(Low        " 

(High  water. 
(Low        " 
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|Low        " 
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(Low        " 
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8840 
7330 

23.9 
6.0 

260000 
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3.67 
2.65 

0.26 
1.15 
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Section. 


1680 
1375 

60.7 
23.9 

94500 
68500 

10.1 
1.15 

1.751  f 
0.07) 


Thus,  at  low  water,  the  wide  section 
had  a  mean  velocity  of  2.65  feet  per 
second,  while  the  narrow  section  had  a 
mean  velocity  of  only  1.15  feet  per 
second.  At  a  stage  26.6  feet  above 
low  water  (which  in  the  table  here 
given  is  called  "high  water,"  although 
it  is  some  eight  feet  below  extreme 
high  water)  the  conditions  are  reversed, 
for  now  the  wide  section  has  a 
mean  velocity  of  3.67  feet  per  second, 
while  the  narrow  section  has  a  mean  ve- 
locity of  10.1  feet  per  second.  Here  the 
wide  section  was  some  eight  miles  above 
the  narrow  one.  Evidently  the  river  is 
cutting  out  the  shoal  and  filling  up  the 
pool  in  low  water,  and  cutting  out  the 
pool  and  filling  on  the  succeeding  shoal 
in  high  water,  and  in  fact  this  is  what  is 
always  observed  to  occur. 

The  amount  of  this  local  scour  and  fill 
on  the  Mississippi  river  is  enormous.  In 
the  case  above  noted  there  was  a  total 
scour  over  the  reach  of  350,000,000  cu. 
ft.  or  enough  to  cover  one  square  mile  to 
a  depth  of  11  feet.  This  occurred  from 
Nov.  13  to  Jan.  3.  In  many  cases  the 
rate  of  fill  and  scour,  as  well  as  the  total 
amount,  is  much  greater  than  this.  It  is 
not  uncommon  for  the  shoal  places  to  be 
built  up  as  much  as  from  six  to  ten  feet 
in  time  of  high  water,  so  that  the  bottom 
of  the  river  is  then  higher  than  the  sur- 
face of  the  water  will  be  after  this  same 
fill  has  been  cut  out  by  the  succeeding 
low  water.  In  other  words,  the  river  bed 
is  a  succession  of  narrow,  deep  pools,  al- 
ternating with  wide  shoals.  The  pools 
are  in  the  bends,  and  the  shoals  are  on 

t  From  plate  7,  p.  120  of  same  report. 
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the  crossings.  The  shoals  are  like  so 
many  dams,  fifty  to  seventy-five  feet  in 
height,  stretching  across  the  river  bot- 
tom say  every  ten  miles.  In  high  water 
these  wide  dams  are  built  several  feet 
higher,  and  the  narrow  pools  are  dug 
several  feet  deeper.  In  time  of  low  water 
the  dams  are  scoured  down  several  feet, 
and  the  material  deposited  in  the  suc- 
ceeding pool.  What  is  true  on  the  Mis- 
sissippi river  on  a  large  scale,  is  true  of 
every  stream  flowing  in  a  friable  bed,  on 
a  corresponding  scale.  This  sediment  is, 
therefore,  said  to  be  in  temporary  or  dis- 
continuous suspension.  It  settles  very 
quickly  where  a  sample  is  caught  in  a 
vessel,  and  the  amount  carried  by  the 
river  is  only  determined  by  taking  sam- 
ples at  various  depths.  There  is  little 
of  it  near  the  surface,  except  when  there 
is  violent  vertical  agitation,  as  in  "boils1' 
and  eddies.  It  is  constantly  and  rapidly 
falling  towards  the  bottom,  and  is  only 
prevented  from  reaching  it  by  the  upward 
motion  of  the  medium. 

Material  Transported  by  Rolling  on 
the  Bottom. — When  the  grains  of  sand 
are  too  large  to  be  held  in  temporary 
suspension  they  may  yet  be  moved  along 
on  the  bottom  from  being  unable  to  re- 
sist the  force  of  the  current.  This  mo- 
tion is  also  mostly  discontinuous  inas- 
much as  the  particle  is  pushed  up  the 
gentle  slope  of  the  upper  side  of  a  sand 
wave  or  reef,  and  dropped  upon  the 
abrupt  down-stream  side,  there  to  re- 
main until  the  reef  has  progressed  so  far 
as  to  again  expose  it  to  the  action  of  the 
water  on  the  up-stream  side.  The  amount 
of  material  so  transported  is  fairly  rep- 
resented by  the  size  and  rate  of  travel  of 
the  wave.*  These  sand  waves,  or  reefs, 
may  be  as  much  as  8  to  15  feet  high,  ex- 
tend from  one- half  to  three-fourths  the 
distance  across  the  river,  and  move  from 
10  to  30  feet  a  day.  They  succeed  each 
other  at  intervals  of  some  300  feet.  The 
same  action  is  seen  by  the  roadside,  on  a 
small  scale,  after  a  shower.  It  obtains 
in  all  natural  water  courses,  is  found  in 
both  pool  and  shoal  alike,  but  is  most 
strongly  developed  on  the  shoals.  It  is 
largely  instrumental  in  the  formation  and 
removal  of  sand  bars,  but  is  of  little  use 
to  the  engineer  in  building  embankments. 


*  See  Report  of  Chief  of  Enfrrs.  U.  S.  A.  for  1879, 
Vol.  III.,  p.  1963:  also,  Reports  of  Miss.  Riv.  Com.  for 
1881  and  1S82. 


It  is  in  this  way,  however,  that  the  slow 
currents  of  a  low  stage  may  cut  a  channel 
through  a  wide  and  high  bar.  Although 
the  mean  velocity  may  be  small,  the  bot- 
tom velocity  is  relatively  large  on  account 
of  the  shallow  depth.  The  period  of  its 
action  is  also  apt  to  be  longer  than  that 
of  flood  stages.  The  amount  of  matter 
so  transported  is,  however,  small  on  the 
Mississippi  river,  compared  to  that  car- 
ried in  suspension.  A  knowledge  of  this 
action  is  mainly  important  as  going  to 
explain  the  regular  changes  that  are  ob- 
served to  take  place  on  the  bottoms  of 
cross-sections  of  rivers.* 

II. —  The  Flow  of  Water  in  Natural 
Channels. 

It  is  now  generally  admitted  that  no 
formula,  involving  only  the  variable  func- 
tions of  slope  and  cross- section,  can  ever 
be  used  to  give  even  approximate  values 
of  the  mean  velocity,  across  a  given  sec- 
tion, of  a  stream  flowing  in  its  natural  or 
irregular  channel.  Farther  than  this,  we 
are  now  forced  to  the  conclusion,  that  no 
such  formula  can  ever  be  used  to  give 
the  continuous  discharge  of  a  single 
stream,  at  a  given  station,  even  though 
the  actual  observed  mean  velocities  on 
that  section,  for  one  year,  be  used  in  its 
derivation. 

The  common  type  of  formula  is 

V  =  C  )'mSn 

where 

y=mean  velocity  across  the  section. 
c=aconstant  coefficient,  either  general  or 

specially  derived  for  each  case. 
r= hydraulic  mean  depth 

area  of  section 


wetted  perimeter 
s= slope = sin.  of  angle  of  inclination  to 

the  horizontal. 
m  and  n  are  usually  taken  as  \. 

The  Chezy  formula,  which  is  of  this 
type  is  : 

v  =  c^rs. 

Most  of  the  efforts  made  to  adapt  this 
formula  to  the  flow  of  water  in  natural 
channels  have  been  spent  upon  the  co- 
efficient c. 

It  is,  however,  no  longer  a  question  of 
coefficients  or   exponents.     For   regular 

*  For  an  article  on  "Silt  Movement  by  the  Missis- 
sippi," by  Robt.  E.  McMath,  see  "Journal  of  the  As- 
sociation of  Engineering  Societies,"  v.  1,  p.  266. 
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and  stable  channels,  like  flumes,  canals, 
or  ponds  controlled  by  fixed  weirs,  for- 
mulae can  readily  be  deduced  that  will 
give  fair  results,  but  in  all  natural  chan- 
nels, the  cross-section,  slope,  and  flow, 
are  so  irregular,  and  the  bed  so  change- 
able, that  the  variables  affecting  the  flow 
are  not  adequately  represented  by  r  and 
s,  and  hence,  any  formula  based  on  these 
for  the  independent  variables  will  surely 
fail. 

A  body  of  finite  mass,  moving  under  con- 
stantly varying  accelerating  and  retard- 
ing forces,  never  has  a  velocity  at  a  given 
point  which  is  a  function  only  of  the 
forces  acting  at  that  point.  Since  the  ac- 
celerating forces  of  a  stream  are  due  to 
the  slope,  and  the  retarding  forces  are 
due  mainly  to  bed  and  banks,  and  since 
the  conditions  of  slope,  bed  and  banks 
are  constantly  changing  in  the  progress 
of  a  given  mass  of  water  down  stream, 
it  follows  that  this  mass  is  subject  to 
constantly  varying  forces.  The  velocity 
of  this  mass  at  any  section  is  therefore  a 
function  of  the  slope  and  bed  for  an  in- 
definite distance  above,  and  can  never  be 
predicted  from  the  immediate  conditions 
at  the  section.*  Whether  or  not  it  can 
ever  be  predicted,  within  reasonable  lim- 
its, is  still  a  question,  but  some  new  light 
has  recently  been  shed  on  this  much 
mooted  subject.  If  the  conditions  of 
slope,  approach,  cross-section  and  dis- 
charge, should  be  always  the  same  at  the 
same  stage  of  water,  or  for  the  same 
stage  and  same  rate  of  rise  or  fall,  then  a 
cycle  of  observations  on  mean  velocity 
might  enable  us  to  predict  what  the  next 
cycle  of  mean  velocities  would  be  at  that 
same  section.  But,  as  outlined  above*  in 
discussing  silt  movement,  it  is  seen  that, 
in  streams  of  unstable  regime,  the  bed  is 
constantly  shifting,  and  that  the  high 
ridges,  or  bars,  that  alternate  with  the 
pools,  are  constantly  changing  their 
height.  If  these  ridges  be  conceived  as 
weirs,  and  the  stage  of  water  in  the  in- 
tercepted pools  be  controlled  by  these 
weirs,  which  it  is  in  medium  and  low 
stages,  then  the  discharge  in  this  pool 
may  be  discussed  with  some  confidence 


*  The  problem  is  similar  to  the  instantaneous  rela- 
tion existing  between  the  pressure  on  the  piston  of  a 
crank  engine,  the  resistance  to  motion,  and  the  veloc- 
ity of  the  fly  wheel.  No  one  would  for  a  moment  sup- 
pose that  a  formula  could  be  derived  that  would  ex- 
press this  relation  for  any  given  instant,  and  yet  this 
is  exactly  what  has  been  attempted  on  streams  for  the 
last  one  hundred  years. 


and  profit.  If  the  section  be  located  in 
the  lower  portion  of  the  pool,  so  that  the 
conditions  of  approach  over  the  weir 
above  be  of  little  consequence,  then  the 
conditions  effecting  discharge  are,  the 
effective  head,  that  is,  the  surface  slope 
from  the  section  to  the  weir  below,  and 
the  depth  on  the  weir.  The  origin,  from 
which  the  stage  should  be  measured,  in 
this  case,  is  the  natural  zero  of  hydraulic 
activit}^,  viz. :  the  horizontal  plane  pass- 
ing through  the  crest  of  the  weir.  When 
so  taken,  a  very  simple  relation  is  found 
to  exist  between  stage  and  mean  velocity, 
inasmuch  as  the  latter  is  a  linear  function 
of  the  former.*  If  this  relation  be  de- 
termined by  observations  at  that  section, 
then  it  may  safely  be  used  so  long 
as  the  iveir  condition  remains  fixed. 
When  this  changes,  by  scour  or  fill  of  the 
bar,  then  the  origin  of  the  locus  changes 
with  the  change  in  origin  for  stage.  But 
the  weir  condition  could  be  made  the  sub- 
ject of  observations,  and  the  locus  of  the 
curve  of  mean  velocity  and  stage  so  ad- 
justed as  still  to  indicate  the  mean  ve- 
locity for  this  locality,  provided  the  sec- 
tion on  weir  or  bar  should  remain,  the 
section  controlling  or  limiting  the  dis- 
charge. In  high  stages,  the  region  over 
the  weir  becomes  itself  the  comparative- 
ly stagnant  pool,  and  the  controlling  or 
limiting  section  is  in  the  deep  and  nar- 
row bend  below.  The  low  slope  is  now 
over  the  shoal,  and  the  steep  slope  in  the 
deep  pool.  This  slope  is  used  to  gener- 
ate the  accelerated  velocity  through  the 
engorged  section.  The  condition  of  a 
slack  pool,  retained  by  a  submerged  hori- 
zontal weir,  now  no  longer  obtains,  and 
the  narrow,  deep  reach  around  the  bend 
with  high  slope,  is  similar  to  an  engorge- . 
ment  by  lateral  contraction.  This  is  a 
very  different  problem,  evidently,  from 
what  we  had  at  a  lower  stage  when  the 
weir  section  was  the  limiting  one,  and  a 
discussion  of  this  state  of  affairs  offers 
greater  difficulties  than  the  other.  As  a 
striking  example  of  this  change  of  loca- 
tion of  the  engorged  sections,  see  the 
table  given  above  in  discussing  the  move- 
ment of  sediment.  Thus,  in  low  water, 
the  deep  section  had  an  area  of  two  or 
three  times  that  of  the  shoal  section,  and 
a  slope  of  one- sixteenth  as  great,  while 


*  The  locus  is  probably  an  hyperbola,  which  becomes 
practically  a  straight  line  for  all  stages  above  a  few 
feet.  See  paper  by  E.  E.  McMath  before  Am.  Soc  of 
Civil  Engineers.    V.  11,  No.  239. 
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at  high  stage,  the  deep  section  had  an 
area  of  only  thirty- six  hundredths  of  that 
of  the  shoal  section,  but  its  slope  was 
seven  times  as  great. 

The  object  of  this  presentation  is  not 
to  discuss  or  derive  formulae,  but  to  call 
attention  to  some  of  the  heretofore  neg- 
lected functions  of  the  problem.  These 
functions  are  seen  to  be  so  various,  and 
apparently  lawless  in  their  nature,  that  it 
is  highly  improbable  that  we  shall  ever 
be  able  to  obtain  any  formula  of  much 
value.  A  service  has  been  rendered,  how- 
ever, when  the  impossibility  of  a  success- 
ful solution  on  the  lines  of  investigation 
so  long  pursued  has  been  pointed  out. 
Also,  when  the  real  determining  causes 
effecting  now  are  properly  conceived  and 
investigated,  rational  and  valuable  formu- 
lae may  be  obtained  for  exceptional  cases 
of  stable  conditions. 

III. —  The  Relation  of  Levees  to  Great 
Floods  and  to  the  Low-water  Navi- 
gation of  Rivers,  as  Illustrated  by 
the  Mississippi  River. 

That  levees  may  be  built  which  will 
confine  the  greatest  flood  on  the  Missis- 
sippi river,  without  danger  of  their  giving 
way,  may  be  admitted.  The  question  is, 
What  shall  be  their  size  and  location? 

The  location  of  a  levee  is  determined 
by  two  considerations  in  favor  of  putting 
it  as  near  the  bank  as  possible,  and  by 
two  others  in  favor  of  putting  it  as  far 
away  as  possible.  The  arguments  in 
favor  of  putting  the  levee  near  the  bank 
are : 

First — The  land  near  the  bank  is  gener- 
ally higher  than  anywhere  else.  There  is 
generally  a  well  denned  slope  away  from 
the  river,  and  therefore,  a  levee  here,  to 
confine  a  given  flood  plane,  will  have  the 
minimum  height  and  cost. 

Second — The  land  near  the  river  bank 
is  always  most  valuable  for  cultivation  on 
account  of  its  being  higher,  and  therefore 
the  protection  of  this  narrow  strip  is  the 
chief  cause  for  leveeing  the  river  at  all. 

The  arguments  in  favor  of  putting  the 
levee  at  a  distance  from  the  river  are : 

First— So  that  it  will  not  fall  into  the 
river  from  craving  banks,  and  Second,  so 
that  the  facilities  for  flood  discharge 
may  be  greater,  and  therefore,  the  flood 
stage  and  necessary  height  of  levee  less. 
This  latter  argument  is  so  generally  ad- 


vanced that  it  is  deserving  of  mention, 
but  I  will  try  to  show  that  it  is  more  vis- 
ionary than  real.  The  force  of  the  other 
arguments  above  stated  is  evident,  and 
they  need  no  further  discussion. 

The  height  required  for  levees  in  a  cer- 
tain locality  is  a  very  complicated  prob- 
lem, and  unfortunately  for  the  lower 
Mississippi  river,  it  is  a  problem  on  which 
we  have  no  direct  evidence.  By  hav- 
ing no  direct  evidence,  I  mean  that, 
as  there  is  no  point  on  the  river  below 
Cairo  where  the  whole  of  a  great  flood 
has  ever  been  confined  between  levees,  so 
there  is  no  argument  from  experience. 

In  this  dilemma  we  are  forced  to  fall 
back  upon  theoretical  considerations. 

For  the  past  three  years,  1882,'3  and  '4, 
we  have  had  great  floods  on  the  Ohio  and 
Lower  Mississippi  rivers,  and  a  great 
deal  of  data  has  been  obtained,  such  as 
we  have  never  before  possessed.  The 
first  installment  of  this  flood  data  may  be 
found  in  the  Report  of  the  Mississippi 
River  Commission  for  1883.* 

The  overflow  water  of  a  great  flood 
loses  itself  out  over  the  west  bank  of  the 
river  from  Cairo  to  Memphis,  passes  down 
through  the  St.  Francis  swamp,  and  is 
forced  back  to  the  river  again  by  the  high 
bluffs  at  Helena.  It  then  overflows  the 
east  bank,  passes  down  through  the 
Yazoo  bottoms,  and  is  again  forced  back 
to  the  river  by  the  bluffs  at  Vicksburg. 
It  then  once  more  crosses  the  channel 
and  escapes  over  the  west  bank  to  return 
no  more,  but  to  find  its  way  to  the  gulf 
through  the  Tensas  and  Atchafalaya  river 
regions.  | 

Notwithstanding  the  river  has  been 
leveed  almost  from  Cairo  to  the  Gulf, 
and  in  the  lower  parts  of  the  val'ey  these 
levees  have  been  carefully  maintained 
and  gradually  enlarged,  yet  in  time  of  a 
great  flood  the  surplus  water  seems  quite 
oblivious  of  such  frail  barriers,  and  always 
goes  over  and  through  them  very  much 
as  though  it  were  quite  unconcious  of 
their  presence.  And  every  time  the  levees 
are  destroyed  the  people  seem  as  much 
astonished  as  though  that  were  the  first 
time  such  a  calamity  had  ever  befallen 
them.     The  trouble  is  that  due  weight 

*  Supplemented  in  the  Report  of  1884,  by  several  re- 
ports on  the  observed  volume  of  the  overflow  water  in 
the  flood  of  1882,  including  one  by  the  writer  on  the 
Flood  Discharge  through  the  Yazoo  Bottoms. 

t  See  paper  by  the  writer  on  "Great  Floods  on  the 
Lower  Mississippi."  in  Journal  of  the  Association  of 
Engineering  Societies,  v.  2,  p.  115. 
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has  not  heretofore  been  given  to  the 
enormous  quantity  of  water  passing  out- 
side the  channel.  Before  the  flood  of 
1882  no  even  approximate  determination 
of  the  amount  of  such  water  had  ever 
been  made,  and  no  one  suspected  it  to  be 
so  large.  From  the  observations  taken 
on  that  flood,  which  was  the  largest  on 
record,  we  find  that  on  some  zones,  or 
belts,  there  was  about  as  much  water 
passing  outside  the  channel  as  there  was 
in  the  channel.  The  total  maximum  dis- 
charged in  that  flood  was  some  2,000,000 
cu.  ft.  per  second,  while  for  a  hundred 
miles  (by  river)  at  and  above  Lake  Provi- 
dence, and  for  another  hundred  in  the 
vicinity  of  New  Orleans,  the  discharge  in 
the  channel,  with  overflowing  banks,  was 
but  1,000,000  cu.  ft.  per  second.  The 
other  million  was  finding  its  way  to  the 
gulf  through  the  swamps.  This  is  a  very 
startling  fact.  It  means  that  if  we  pro- 
pose to  completely  confine  the  waters  of 
a  large  flood  between  levees,  we  must,  in 
places,  carry  twice  as  much  water  as  the 
present  channel  can  take.  At  all  points 
below  Cairo,  it  is  now  pretty  well  known 
how  much  more  water  would  have  passed 
in  a  confined  channel,  than  did  so  pass  in 
the  flood  of  1882.  With  such  facts  as  a 
basis  for  estimates,  engineers  still  differ 
very  widely  as  to  the  necessary  height  the 
levees  must  have  to  confine  these  addi- 
tional volumes.  Some  engineers  affirm 
that  the  levees  need  be  but  little,  if  any, 
higher  than  they  now  are,  while  others 
insist  that  in  places  they  will  have  to  be 
from  ten  to  twelve  feet  higher  than  they 
now  are.  The  whole  question  turns  on 
whether  or  not  the  bed  of  the  river  will 
scour  out  when  all  the  water  is  confined 
to  the  channel.  The  popular  conception, 
as  well  as  the  expressed  opinion  of  most 
writers  on  the  subject,  is  to  the  effect  that 
a  confining  of  the  waters  to  one  channel 
will  increase  the  velocity  of  the  stream 
(which  everybody  admits),  that  this  in- 
creased velocity  will  give  increased  scour 
(which  everybody  admits,  in  a  sense)  and 
that  this  increased  scour  will  result  in  a 
general  lowering  of  the  bed  (which  must 
be  denied). 

In  other  words,  there  are  two  schools 
of  engineers,  the  concentration  school, 
and  the  equalization  school.  The  former 
affirms  the  beneficial  results  of  an  in- 
creased volume  at  high  stage ;  the  latter 
not  only  denies  any  beneficial  results,  but 


affirms  that  actual  harm  would  ensue. 
Again,  the  question  turns  on  the  methods 
of  transporting  sediment.  The  concen- 
tration school  argue  as  though  all  sedi- 
ment were  of  the  continuous  type,  and 
when  once  taken  up  it  would  be  carried 
to  the  sea,  provided  all  the  water  remained 
in  the  channel.  But  they  say,  in  effect, 
that  in  case  of  a  flow  over  the  bank,  while 
the  water  pauses  to  consider  whether  it 
shall  go  over  the  bank  or  remain  in  the 
channel,  the  sediment  escapes  from  its 
grasp  and  settles  to  the  bottom.  On  the 
contrary,  we  know,  that  when  two  forces, 
at  right  angles  to  each  other,  act  on  & 
moving  particle,  it  moves  over  a  path 
which  is  a  resultant  of  the  two  forces,  and 
so  moves  faster  than  if  either  force  acted 
alone.  Therefore,  instead  of  the  water 
being  checked  by  the  escape  over  the 
bank  it  is  really  accelerated.  Again,  the 
more  the  energy  of  a  river  is  increased  by 
increasing  the  stage  the  more  unequal 
becomes  the  difference  in  area  of  succes- 
sive sections  in  wide  and  narrow  places, 
and  at  high  stage  the  narrow  and  deep 
places  are  always  the  engorged  sections. 
If  the  energy  of  the  river  be  increased 
at  this  stage  it  simply  scours  out  the 
deep  places  deeper,  and  drops  this  mat- 
ter on  the  succeeding  wide  shoal.  That 
is,  any  influence  toward  a  temporary  ad- 
justment of  the  river's  bed  to  a  high 
water  discharge  is  an  influence  which  is 
adding  to  the  heights  of  all  the  sand  bars 
on  the  river.  The  greater  the  stage,  the 
higher  the  bars  and  the  deeper  the  pools 
become ;  and  so  far  is  this  from  facilitat- 
ing the  discharge,  that,  in  the  language 
of  the  Secretary  of  the  Mississippi  Kiver 
Commission,  "the  effect  of  an  approach- 
ing flood  is  to  impede  its  own  discharge, 
and  the  impediment  outlasts  the  flood." 
An  example  of  this  action  is  found  in  the 
flood  of  1858,  at  Columbus,  Ky.,  where 
the  river  was  leveed.  The  discharge  of 
the  river  exceeded  1,100,000  cu.  ft.  per 
second,  four  times  from  December  to 
June.  The  stages  at  which  the  river  dis- 
charged this  amount  were:  29.5  ft.,  32.5 
ft.,  33.5  ft.,  and  35.0  ft.  on  a  rising 
stage,  and  31.6  ft.,  34.7  ft.,  35.9  ft.,  and 
36.9  ft.  on  a  falling  stage. 

If  the  successive  differences  between 
rising  and  falling  stages  at  which  the 
discharge  was  1,100,000  cu.  ft.,  be  taken 
out  for  each  rise,  we  have  2.1  ft..  2.2.  ft., 
2.4  ft.  and  1.9  ft.,  as  the  legitimate  effect 
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of  the  change  from  a  rising  to  a  falling- 
condition. 

If,  however,  we  compare  the  first  and 
last  rising  stages  when  the  discharge 
was  1,100,000  cu.  ft,,  we  find  that  in  June 
it  required  a  stage  5.5  feet  higher  to  dis- 
charge this  water  than  it  did  the  previous 
December.  Making  the  same  comparison 
on  falling  stage  we  find  a  difference  of 
5.3  ft.  This  was  due  to  deterioration  of 
channel  caused  by  a  building  up  of  the 
bars  or  weirs,  by  a  sufficient  amount  to 
raise  the  stage  5.5  ft.  in  order  to  discharge 
the  same  amount. 

It  is  highly  probable  that  the  two  high 
waters  of  1882  and  1883,  in  the  Ohio 
River  worked  such  detriment  to  the 
channel  that  the  flood  of  1884  was  raised 
several  feet  higher  than  it  would  have 
been  had  the  same  amount  of  water  passed 
in  18S2. 

It  would  seem,  therefore,  that  in  the 
river's  present  condition,  there  is  no  evi- 
dence that  a  confined  flood  will  scour  out 
its  bed  so  as  to  facilitate  the  discharge, 
and  there  is  considerable  evidence  against 
it.  If  the  river  flowed  between  straight, 
parallel  bank,  such  as  Capt.  Eads  has  con- 
structed at  the  mouth  of  the  river,  then 
there  could  be  no  such  thing  as  discon- 
tinuous transportation  of  sediment,  and 
hence  no  alternate  scour  and  fill.  Then 
concentration  of  volume  would  be  bene- 
ficial, and  would  ultimately  lower  the 
river  bed.  But  this  condition  of  things 
can  never  be  reached  on  the  Mississippi 
River,  and  hence  the  concentration  of 
flood  volume  will  ever  be  harmful  rather 
than  helpful. 

It  follows  from  this,  that  if  an  addi- 
tional quantity  of  water  is  confined  to  the 
channel  in  time  of  flood,  we  must  provide 
accommodation  for  it  at  the  surface  rather 
than  at  the  bottom  of  the  river.  If  this 
point  be  settled,  it  is  not  difficult  to  ap- 
proximate to  the  new  stage  to  pass  the 
new  volume.  There  are  many  stations 
on  the  river  below  Cairo  where  discharge 
observations  have  been  conducted  for  one 
or  more  years.  If,  for  one  of  these  sec- 
tions, we  plot  stage  and  discharge,  we  get 
a  curve  showing  the  relation  of  the  two 
from  low  water  to  say  50  feet  above.  If 
the  levees  be  near  the  banks,  which  they 
usually  are,  and  they  be  high  enough  to 
confine  the  flood,  the  condition  of  flow 
will  not   be  materially  changed   as   the 


water  gets  above  the  bank.  If,  now,  we 
know  what  the  additional  quantity  will 
be  to  confine  it  all,  we  could  simply  ex- 
tend the  discharge  curve  until  we  reach 
the  proper  volume,  and  then  read  off  the 
corresponding  stage.  The  only  uncer- 
tainties here  are  in  the  curve  itself,  which 
may  not  rigidly  apply  for  another  year  at 
the  same  locality,  and  in  its  extension. 
These  uncertainties  may  have  a  maximum 
value  of  several  feet,  and  yet  it  is  the  only 
argument  we  can  use,  and  it  will  give  ap- 
proximate results,  which  are  more  likely 
to  be  too  small  than  too  large.  If  the 
heights  of  levee  necessary  to  confine  such 
a  flood  as  that  of  1882  be  found  in  this 
way,  and  the  additional  cost  estimated,  it 
makes  an  item  of  over  $50,000,000,  to 
complete  the  levee  system  from  Cairo  to 
the  Gulf.  It  is  questionable  if  such  levees 
ever  will  be  built.* 

In  regard  to  putting  the  levees  farther 
from  the  banks,  the  two  main  objections 
have  already  been  mentioned.  There 
would  be  also  little  advantage  from  in- 
creased facility  of  discharge.  The  ground 
would  have  to  be  kept  clear  of  all  timber, 
weeds,  and  undergrowth,  or  else  it  would 
offer  very  poor  opportunities  for  dis- 
charge. This  could  hardly  be  done.  The 
water  flowing  across  a  neck,  also,  does 
more  to  hinder  than  to  help  the  flow 
around  the  bend,  by  lessening  the  volume 
in  the  channel. 

There  is  another  expedient  which  has 
been  advocated,  which  appears  to  be  prac- 
ticable, but  for  which  there  are  yet  not 
sufficient  surveys  to  determine.  It  con- 
sists in  having  ordinary  sized  levees,  such 
as  are  now  built,  which  will  confine  the 
ordinary  floods,  with  waste  weirs  at  such 
points  as  offer  the  best  facilities  of  dis- 
charge through  the  swamps,  to  let  off  the 
surplus  waters  without  detriment  to  the 
levees  and  with  the  least  possible  damage 
to  the  lands.  There  are  a  great  many 
natural  outlets  from  the  river  back  to  the 
main  drainage  channels  of  the  bottoms, 
which  could  be  utilized  in  this  way.  This 
sort  of  outlet,  however,  is  more  like  the 
spilling  of  the  water  over  the  bank,  than 
like  a  crevasse  in  the  levee.  These  weirs 
would  have  to  be  miles  in  extent  so  that 
the  depth  of  overflow  need  not  be  more 


*The  Miss.  Riv.  Com.,  in  their  Report  for  1883,  esti- 
mate this  cost  at  some  311,000,000,  but  Gen.  C.  B. 
Comstock,  President  of  the  Commission  dissents  from 
this  view. 
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than  two  feet.  This  arrangement  has 
been  adopted  on  the  Rhone  with  very 
satisfactory  results.* 

The  relation  of  levees  to  low  water 
navigation  has  already  been  trenched 
upon  above  in  showing  the  effect  of  in- 
creased stages  at  time  of  high  water, 
in  building  up  the  bars.  What  is  wanted 
is  the  removal  of  the  bars,  and  for  this 
purpose  the  low  water  energy  should 
be  increased  and  the  high  water  effect 
•diminished.  In  other  words,  the  ex- 
tremes should  be  brought  nearer  to- 
gether, which  is  all  included  in  the  term 
equalization  of  volume.  Any  influence, 
therefore,  which  forces  these  extremes 
farther  apart  is  hurtful.     Levees  tend  to 


*  See  paper  by  the  writer  on  "  Protection  of  Lower 
Mississippi  Valley  from  overflow"  in  Journal  of  the 
Association  of  Engineering  Societies,  v.  3,  p.  169. 


make  high  water  higher,  arid  therefore, 
they  are  an  injury  to  navigation.* 

Evidently  it  would  be  of  no  advantage 
to  navigation  if  the  river  bed  were  uni- 
formly lowered  a  hundred  feet,  provided 
the  same  irregularities  remained  in  the 
matter  of  pool  and  shoal. 

If  ever  the  river  should  be  regulated  in 
width  so  that  the  discontinuous  move- 
ment of  sediment  becomes  inappreciable, 
then  the  stage  may  be  increased  to  advan- 
tage. It  is  highly  improbable  that  this 
ever  will  be  done,  and  therefore,  the  build- 
ing of  levees  on  the  banks  of  the  Missis- 
sippi River  will  never  prove  an  aid  to  low 
water  navigation.  On  the  contrary,  they 
will  always  tend  to  produce  a  certain 
amount  of  damage. 

*  See  paper  by  Robt.  E.  McMath  on  "  Levees,— their 
Relation  to  River  Physics,"  in  Journal  of  the  Associ- 
ation of  Engineering  Societies,  v.  3,  p.  43. 
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I. 


Some  of  the  existing  systems  of  meas- 
ures, such  as  those  of  time,  angles, 
velocity  and  electricity,  are  practically 
international.  This  paper  may  therefore 
be  limited  to  comparing  the  advantages 
for  engineering  purposes  of  those  meas- 
ures of  length,  surface,  capacity,  weight 
and  pecuniary  value,  adopted  in  Eng- 
land, with  the  metrical  and  decimal  sys- 
tems of  the  same  classes  of  measures. 

The  system  of  arithmetical  notation 
used  by  all  civilized  nations  is  decimal ; 
-consequently  all  decimal  systems  of  meas- 
ures have  the  advantage  over  others  of 
dispensing  with  the  compound  rules  of 
arithmetic,  and  of  facilitating  the  use  of 
logarithms  in  engineering  calculations. 
Among  decimal  systems  of  measures,  the 
metric  system  has  the  advantage  of  being 
already  used  by  240,000,000  of  people, 
with  whom  60  per  cent,  of  the  foreign 
trade  of  England  is  carried  on,  and  of 
.all  its  terms  being  correlated  and  system- 
atically derived  from  one  convenient, 
well  known,  standard  measure  of  length. 


The  natural  character  of  the  metric  unit, 
and  the  accuracy,  or  otherwise  of  its  rela- 
tion to  the  meridian  is  practically  imma- 
terial. The  collection  of  measures  used 
in  England  for  engineering  purposes  is 
partly  duodecimal,  partly  decimal,  chiefly 
binary,  and  generally  unsystematical. 
Some  British  measures  have  the  advan- 
tage over  all  decimal  measures  of  being 
capable  of  finite  ternary  subdivision,  but 
this  advantage  is  of  comparatively  little 
practical  importance. 

England  and  the  United  States  of 
America  hold  at  present  such  a  prominent 
position  in  the  manufacture  of  engineer- 
ing machinery  and  material  constructed 
to  British  scales  of  measurement,  that  a 
considerable  practical  advantage  is  on  that 
account  derived  from  the  use  of  British 
measures  in  engineering  works.  The 
capital  invested  in  machinery  constructed 
to  manufacture  to  sizes  of  British  meas- 
urement is  very  large,  and  the  literature 
on  engineering  subjects  expressed  in 
terms   of  British   measurement   is   most 
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extensive  and  valuable.  English  and 
American  engineers  have  their  minds 
saturated  with  guiding  or  standard  di- 
me asions  expressed  in  British  measures 
and  ready  for  application  ;  so  that  the 
substitution  of  other  measures  in  their 
general  practice  would  prove  a  source  of 
considerable  personal  inconvenience  to 
the  current  generation  of  engineers  in 
England  and  the  United  States.  Most 
British  measures  in  common  use  have  the 
great  advantage  of  being  already  familiar 
to  the  masses  of  the  English  and  Ameri- 
can people,  and  to  the  large  number  of 
skilled  workmen  which  these  people  in- 
clude. 

As  regards  the  depreciation  in  value  of 
English  engineering  literature,  written 
in  terms  of  British  measurement,  that 
would  ensue  on  the  introduction  of 
metric  measures,  it  may  be  remarked 
that,  long  before  the  existing  generation 
of  English  and  American  engineers 
passed  away,  the  gist  of  the  information 
contained  in  English  engineering  books 
would  be  translated  into  the  internation- 
al language  of  measurement.  The  ques- 
tion of  the  depreciation  in  value  of  costly 
machinery,  constructed  for  manufactur- 
ing articles  to  scales  and  exact  sizes  of 
British  measures,  is  more  difficult,  and 
the  loss  and  inconvenience  from  such  de- 
preciation must  form  a  considerable  set- 
off against  the  advantages  to  be  derived 
from  a  general  adoption  of  the  metric 
system.  It  must  be  remembered,  how- 
ever, that  the  progress  of  improvement 
in  machinery,  and  the  wear  and  tear  of 
existing  machines  are  so  rapid,  that  in  a 
comparatively  few  years  most  of  the  ex- 
isting individual  machines  of  this  kind 
would  either  be  worn  out,  or  have  be- 
come obsolete,  from  other  causes  than  a 
demand  for  articles  manufactured  only  to 
regular  metric  sizes. 

Both  the  meter  and  the  British  stand- 
ard yard  have  the  advantage  of  being  the 
approximate  length  of  a  human  stride, 
which  has  always  been  the  readiest  and 
most  extensively  used  natural  unit  of 
linear  measure  for  engineering  field-work. 
The  length  of  a  meter  is  about  the  limit 
to  which  a  human  being  can  conveniently 
place  his  hands  apart  when  measuring 
with  accuracy  on  a  vertical  surface. 

It  may  be  observed,  incidentally,  that 
the  British  foot  is,  strictly  speaking,  not 
a  British  standard  measure,  but  is  simply 


a  ternary  subdivision  of  the  standard 
yard,  and  is  itself  divided  duodecimally 
into  inches,  while  the  inches  are  again 
divided  binarily  and-  fractionally  iDto 
quarters,  eighths  and  sixteenths.  In 
much  actual  practice  the  foot  is  not  even 
adopted  as  a  unit  of  linear  measurement ; 
for  instance,  most  carpenters  use  a  two- 
foot  rule,  and  having  found  the  number 
of  lengths  of  their  two-foot  rule  con- 
tained within  the  length  of  the  plank 
they  are  measuring,  they  proceed  to  com- 
pute this  length  in  feet  by  doubling  the 
number  of  two-foot-rule  lengths  they 
have  measured,  and  then  adding  to  this 
the  odd  foot  and  inches  and  fractions  of 
inches  which  may  go  to  complete  the 
total  length  of  the  plank.  A  workman 
measuring  with  a  meter  simply  measures 
the  number  of  meters,  and  reads  off  at 
once  the  decimal  parts  of  a  meter  which 
make  up  the  total  length  of  whatever  he 
is  measuring.  It  may  be  said  that  the 
amount  of  computation  required  to 
double  the  number  of  two-foot-rule 
length  is  so  small  as  not  to  be  worth  con- 
sideration, and  that  such  an  objection  to 
measurement  by  feet  is  merely  fanciful ; 
but  for  all  that  it  cannot  be  denied  that 
an  additional  mental  process  has  to  be 
exerted  by  a  British  workman  every  time 
he  measures  a  length  with  a  rule  which 
does  not  coincide  in  length  with  the  unit 
in  which  he  expresses  the  total  length 
measured.  A  plank  can  be  measured 
with  accuracy  with  a  meter  in  two-thirds 
of  the  time  required  to  measure  it  with 
a  two-foot  rule,  and  in  one-third  of  the 
time  required  with  a  one-foot  rule ;  and 
in  a  carpenter's  day's  work  the  sum  of 
these  differences  of  time  is  by  no  means 
unimportant. 

The  British  inch  is  much  too  large  to 
serve  as  the  lowest  integral  unit  in  a 
scale  of  linear  measurement,  and  even 
the  sixteenth  of  an  inch  is  too  large  for 
minute  work.  The  instruction  so  often 
given  to  a  British  workman  to  make  an 
article  "  five- sixteenths  full  "  or  M  bare 
three-eighths"  are  hardly  compatible 
with  precise  accuracy  of  workmanship. 
The  millimeter  is,  on  the  other  hand,  a 
very  convenient  unit  for  ordinary  minute 
work,  and  its  decimal  subdivisions  are 
quite  as  convenient  for  microscopic  work 
as  thousandths  of  an  inch.  Another  ex- 
ample of  the  additional  computation  in- 
volved by  English  practice  is  the  taking 
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of  levels  for  building  work  in  feet  and 
tenths  and  hundredths,  and  the  necessary 
translation  of  the  resulting  dimensions 
into  feet,  inches,  and  fractions  of  inches 
for  the  workmen. 

For  all  ordinary  field-leveling,  the  divi- 
sion of  a  leveling-staff  into  decimeters  and 
centimeters  only,  is  sufficiently  minute. 
The  centimeter  can  easily  be  binarily  subdi- 
vided by  ocular  estimation,  and  the  prac- 
tical advantage  of  reading  to  the  hun- 
dredth of  a  foot  on  a  leveling-staff  in 
straightforward  leveling  is  very  doubtful. 
Certainly  more  rapid,  and  probably  quite 
as  accurate,  leveling  can  be  done  in  a  day 
with  a  staff  subdivided  in  centimeters  as 
with  a  staff  divided  into  hundredths  of  a 
foot,  and  the  practical  accuracy  of  metric 
leveling  when  applied  to  building  work 
will  be  greater,  as  the  dimensions  given 
to  the  workman  will  be  in  the  terms  actu- 
ally noted  through  the  level. 

The  chain  used  in  the  metric  system 
for  field  work  is  usually  20  meters  long, 
or  4?  inches  shorter  than  Gunter's  chain, 
though  for  difficult  country  a  10-meter 
chain  is  preferable.  Assuming  that  the 
length  of  Gunter's  chain  is  that  found 
most  convenient  for  field-work,  the  twenty- 
meter  chain  has  practically  the  same  ad- 
vantages in  that  respect,  but  the  use  of  a 
twenty-meter  chain  involves  additional 
computation,  owing  to  the  number  of 
arrows  held  by  the  rear  chain-man  having 
to  be  doubled  to  get  the  number  of  dec- 
ameters to  be  entered  in  the  field  book. 
The  use  of  a  ten-meter  chain  of  course  does 
away  with  this  objection,  and  it  has  the 
same  advantages  as  regards  direct  correla- 
tion with  the  hectare  as  Gunter's  chain  has 
with  the  acre.  The  twenty-meter  chain 
has  the  advantage  over  Gunter's  chain 
that  it  is  capable  of  subdivision  into 
the  smaller  linear  measures,  whence  Gun- 
ter's link  is  the  lowest  integral  subdivision 
of  Gunter's  chain,  and  is  too  large  for  any 
work  but  land  measuring. 

For  purposes  of  engineering  calcula- 
tion, it  is  obviously  desirable  that  the 
unit  of  linear  measure  should  have  its 
multiples  and  submultiples  arranged  in 
accordance  with  the  universal  system  of 
arithmetical  notation,  that  it  should  be 
the  basis  of  the  units  of  measure  of  sur- 
face, capacity,  and  weight,  and  that  it 
should  be  as  international  as  possible. 
The  meter  complies  much  more  fully  with 
these  conditions  than   the  yard.     In  all 


questions  relating  to  the  pressure  of  ma- 
terials upon  surfaces,  the  intimate  correl- 
ation existing  in  the  metric  system  be- 
tween the  units  of  measures  of  weight 
and  capacity  is  valuable,  and  hydraulic 
calculations  are  much  simplified  thereby. 
Between  the  English  horse-power  of  550 
foot-pounds  per  second  and  the  metric 
horse-power  of  75  kilogrammeters  per  sec- 
ond there  is  little  practical  difference  in 
point  of  convenience,  but  it  is  highly  de- 
sirable that  scientific  units  of  this  nature 
should  be  international. 

An  engineer  using  the  metric  system 
has  practically  but  one  denomination  of 
measurement  to  deal  with  throughout  his 
work,  both  in  the  field  and  in  the  office ;  all 
his  measurements  and  the  scales  of  all  his 
plans  being  expressed  decimally  in  terms 
of  a  meter.  An  engineer  using  British 
measurement  measures  a  line  of  works  in 
chains,  furlongs,  and  miles;  takes  levels 
in  feet  divided  decimally;  gives  dimen- 
sions for  buildings  in  feet  divided  duo- 
decimally  into  inches  and  in  inches  di- 
vided fractionally;  calculates  earthwork 
in  cubic  yards;  measures  brickwork  in 
rods,  and  land  in  acres,  roods,  and  poles ; 
measures  lime  in  bushels  or  barrels,  water 
in  gallons,  and  weighs  materials  generally 
in  tons,  hundredweights,  quarters,  stones, 
pounds,  and  so  on,  almost  ad  infinitum. 
Then  when  he  comes  into  the  office  he 
plots  his  surveys  in  scales  of  chains  to 
the  inch  and  feet  to  the  inch,  and  makes 
his  drawings  in  scales  of  various  fractions 
of  an  inch  to  the  foot. 

Besides  the  measures  and  scales  above 
specified,  the  English  or  American  engi- 
neer has  to  deal  with  an  infinite  number 
of  gauges,  trade  sizes,  and  trade  and  local 
customs  which  render  comparison  of  cost 
exceedingly  difficult,  and  many  of  which 
would  become  obsolete  if  the  metric  sys- 
tem were  in  general  use.  The  habitual 
employment  of  British  measures  debars 
English  and  American  engineers  to  a 
great  extent  from  profiting  by  the  exten- 
sive and  valuable  foreign  technical  liter- 
ature written  in  terms  of  metric  measure- 
ment. However  perfect  they  may  be  in 
knowledge  of  foreign  languages,  their 
minds  cannot,  if  they  have  been  accus- 
tomed to  work  only  with  British  meas- 
ures, either  grasp  or  retain  with  facility, 
dimensions  expressed  in  metric  measures, 
and  they  are  therefore  partially  shut  out 
from  a  very  extensive  source  of  profes- 
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sional  experience.     The  advantages  of  an 
international  language  of  measurements 
for    engineering   purposes  are   so   great,  | 
that  they  may  be  assumed  to  eounterbal- 1 
ance  any  advantages  claimed  on  behalf  of 
any  new  decimal  systems  based  on  units  , 
of  British  measurement. 

In  so  much  of  the  routine  work  of  a  | 
civil  engineers'  office  as  consists  in  taking  | 
out  quantities  and  making  estimates, 
about  one- third  more  work  can  be  done 
within  a  given  time  with  metric  measures 
than  with  British  measures,  though,  of 
course,  the  loss  of  time  can  be  somewhat 
reduced  by  the  free  use  of  ready-reckon- 
ers and  tables.  On  this  account,  engi- 
neers accustomed  to  and  using  metric 
measures,  have  an  advantage  over  engi- 
neers using  British  measures.  It  has 
been  urged  as  an  objection  to  decimal 
systems  that  they  are  not  suitable  for 
binary  subdivisions,  and  alleged  that  bin- 
ary subdivision  is  the  most  convenient 
for  common  purposes.  It  must  be  re- 
membered, however,  that  as  all  binary  di- 
visions admit  of  expression  in  precise 
decimal  equivalents,  there  is  nothing  to 
prevent  binary  divisions  of  a  metric  unit 
expressed  in  fractions,  such  as  J,  J,  J,  y1^. 
<fcc,  being  used  by  those  who  prefer  them. 
The  metric  scales  for  plans  are  simple  and 
convenient,  and  have  the  advantage  of 
enabling  the  mind  to  compare  very  ea?  r 
the  dimensions  on  plan  with  the  act.. .J 
distances  in  nature. 

The  English  practice  of  plotting  plans 
to  scales  of  so  many  of  Gunter's  chains 
to  the  inch,  expressed  in  feet,  seems  to 
have  little  to  recommend  it  beyond  the 
questionable  advantage  of  causing  the 
admeasurement  of  such  plans  by  the  un- 
initiated to  be  particularly  difficult.  In 
a  paper  "  On  the  Introduction  of  the 
Metric  System  into  Machine  Shops  in 
America,"  Mr.  Coleman  Sellers,  M.  Inst. 
C.  E.,  points  out  that  the  metrical  scales 
only  admit  of  a  descent  in  integral  vul- 
gar fractions  from  full  size  to  £,  -J-,  TV,  -gV, 
A>  To 5  whereas  the  ordinary  inch  rule 
furnishes  scales  of  £,  £,  ±,  £,  £,  TV,  TV, 
2V?  ^V'  tV  tV>  making  twelve  scales  in  all, 
as  compared  with  seven  metrical  scales. 
Draftsmen,  however,  are  not  confined  to 
the  use  of  either  an  ordinary  inch  or  an 
ordinary  meter  rule  in  drawing-offices  ; 
and  in  some  machine  shops  mechanics 
are.  for  good  reasons,  absolutely  prohib- 
ited   from  laying  a  rule  on  a  working 


drawing,  and   instructed  to  work  solely 
from  the  figured  dimensions. 

In  the  same  paper  Mr.  Sellers  states 
from  personal  experience  that  the  metric 
system  is  not  well  adaped  to  the  machine 
shop,  because  it  does  not  admit  of  ad- 
vancing in  a  series  of  sixteenths  of  an 
inch,  which  he  implies  to  be  the  most 
useful  and  salable  series  for  certain  ar- 
ticles. No  doubt,  as  the  u  ordinary  inch 
rule,"  divided  into  binary  fractions  of 
an  inch,  has  been  the  ordinary  linear 
measure  used  by  purchasers  of  certain 
articles  for  numbers  of  years,  they  will 
prefer  such  a  well-known  series  of 
sizes,  and  they  are  therefore  found  at  the 
present  time  to  be  the  most  salable ;  but 
there  is  no  reason  to  suppose  that  pur- 
chasers would  continue  to  prefer  a  series 
of  sizes  advancing  by  the  exact  metrical 
equivalents  of  sixteenths  of  an  inch  if 
the  fractional  divisions  of  an  inch  were 
no  longer  in  ordinary  use  as  linear  meas- 
ures. 

As  regards  building  scales  it  seems  de- 
sirable for  simplicity  that  the  scale  of  j- 
inch  to  1  foot,  or  ^§-,  should  be  replaced 
by  a  scale  of  1  centimeter  to  a  meter,  or 
y^.  and  the  scale  of  J  inch  to  a  foot  by 
a  scale  of  2  centimeters  to  a  meter,  or  J^ ; 
while  such  a  building  scale  as  T3g-  inch  to 
a  foot  can  scarcely  be  held  to  convey  a 
very  clear  idea  of  the  relation  between 
the  size  of  the  building  as  represented 
on  paper  and  its  actual  size  when  built. 

It  has  been  generally  conceded  that 
the  maximum  advantage  from  the  use  of 
the  metric  system  for  ordinary  purposes 
cannot  be  obtained  unless  the  system  is 
used  in  conjunction  with  a  decimal  sys- 
tem of  coinage  as  measure  of  pecuniary 
value ;  and  this  applies  nearly  as  much  to 
its  use  for  engineering  purposes  in  the 
preparation  of  estimates  and  in  recording 
the  cost  of  work. 

It  has  been  further  conceded  that  meas- 
ures of  pecuniary  value  differ  from  other 
measures,  insomuch  that  for  political 
reasons  they  can  never  be  expected  to  be- 
come international.  The  reasons  given 
by  the  late  Sir  John  Herschel  and  by 
Sir  George  Airy,  Hon.  M.  Inst.  C.  E.,  for 
preferring  the  decimal  subdivision  of  the 
pound  sterling  to  any  other  decimal  ar- 
rangement of  British  measures  of  pecu- 
niary value,  appear  unanswerable  ;  and  if 
so,  the  only  practical  question  remaining 
is  the  simplest  and  least  unpopular  means 


238 


VAN   NOSTRAND'S   ENGINEERING   MAGAZINE. 


of  bringing  such  an  arrangement  into 
use.  It  was  long  ago  suggested  that  by 
simply  enacting  the  depreciation  in  value 
by  4  per  cent,  of  the  existing  bronze 
tokens,  and  thereby  making  twenty-five 
farthings  legal  change  for  a  sixpenny 
piece,  the  British  currency  would  be  at 
once  completely  decimalized.  New  coins 
would  not  be  necessary,  although  the  coin- 
age of  a  silver  or  nickel  ten-farthing  piece 
might  be  desirable,  and  the  coinage  of 
an  increased  number  of  farthings  would 
be  necessary  in  order  to  provide  the  odd 
farthing  that  would  be  required,  in  addi- 
tion to  any  combination  of  pennies  and 
halfpennies  in  giving  change  for  a  six- 
penny piece.  The  existing  pennies  and 
half -pennies  would  serve  as  four-mil  and 
two-mil  pieces  respectively  in  the  terms 
of  decimal  currency,  while  popular  senti- 
ment would  be  appeased  by  the  retention 
of  the  familiar  coins.  The  alteration  of 
the  national  measures  of  pecuniary  value, 
however,  could  only  be  effected  by  com- 
pulsory legislation,  whereas  the  general 
adoption  of  the  metric  system,  which  is 
already  legal,  though  not  compulsory, 
might  be  brought  about  to  a  great  extent 
by  its  advantages  being  gradually  im- 
pressed upon  the  common  sense  of  the 
masses  through  the  influence  and  legiti- 
mate pressure  of  the  engineering  profes- 
sion. It  has  been  found,  moreover,  by 
the  experience  of  the  introduction  of  the 
metric  system  on  the  Continent  of  Eu- 
rope, that  the  difficulty  of  familiarizing 
the  working  classes  with  the  system  had 
been  much  overrated.  In  Austro-Hun- 
gary,  for  instance,  the  metric  system  was 
extensively  used  by  engineers  for  their 
own  convenience  for  some  years  previous 
to  its  general  introduction.  It  had  be- 
come the  interest  of  contractors  and 
workmen  to  make  themselves  acquainted 
with  the  terms  of  measurement  in  which 
the  plans,  specifications,  and  bills  of 
quantities  supplied  to  them  by  their  em- 
ployers were  expressed,  and  thus  through 
the  medium  of  the  working  class  a  knowl- 
edge of  the  system  had  been  extensively 
spread  through  the  mass  of  the  people 
before  the  system  was  made  legally  com- 
pulsory for  the  purposes  of  general  com- 
merce. 

Very  little  progress  has  been  made  in 
England,  or  America,  within  the  last 
twenty  years  towards  simplifying  meas- 
urement ;  and  the  general  public  in  both 


countries  appear  perfectly  indifferent  on 
the  subject,  although  the  actual  loss  of 
money,  through  time  wasted  on  compu- 
tations and  arithmetical  studies  which 
the  use  of  the  metric  system  would  ren- 
der unnecessary,  must  amount  to  an  im- 
mense sum  annually.  Judging  from 
continental  experience,  it  would  seem 
that  the  best  prospect  for  a  reform  of 
measures  in  England  lies  in  the  initiative 
being  taken  by  those  professions  most 
directly  interested  in  the  matter. 

If  British  engineers  were  to  commence 
to  take  measurements,  and  make  plans 
and  drawings  in  metric  measures,  they 
would  probably  confer  a  considerable  bal- 
ance of  advantages  upon  themselves,  and 
conduce  to  confer  great  eventual  benefit 
upon  their  country.  Whatever  views 
may  be  held  by  individual  members  of 
the  Institution,  as  to  the  advisability  or 
otherwise  of  using  metric  measures  in 
their  own  private  practice,  the  author 
submits  that  the  council  might  well  con- 
sider the  advisability  of  taking  steps  to- 
wards obtaining  such  amendments  of  the 
Standing  Orders  of  the  Houses  of  Lords 
and  Commons,  as  would  permit  of  the 
dimensions  on  parliamentary  plans  and 
sections,  and  measures  in  parliamentary 
estimates,  being  expressed  either  in  met- 
ric measurement  or  in  British  measure- 
ment, at  the  option  of  the  engineer.  If 
parliamentary  plans  and  estimates  could 
be  prepared  in  metric  measurements, 
English  engineers  would  have  practical 
opportunities  of  testing  the  relative  ad- 
vantages of  metric  and  British  measures ; 
and  such  a  test  would  be  more  useful 
than  any  amount  of  writing  and  abstract 
discussion  on  the  subject. 

The  decimalization  of  the  pound  ster- 
ling would  upset  existing  arrangements 
so  little  that  it  is  hard  to  see  why  it 
should  not  be  enacted  at  once,  and  the 
decimalization  of  the  coinage  would  con- 
duce greatly  to  acquainting  the  masses 
with  the  advantages  of  decimal  compu- 
tation, but  compulsory  introduction  of 
the  metric  system  by  legislation  seems 
hardly  desirable  until  after  the  coinage 
has  been  decimalized. 

Discussion. 

Sir  Frederick  Bramwell,  President, 
proposed  a  vote  of  thanks  to  Mr.  Ham- 
ilton-Smy  the.  All  should  thank  him — 
those  who  agreed  with  his  views  for  ad- 
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EXAMPLE. 

To  find  the  weight  of  water  in  a  tank  meas 
uring : — 

M.  M 

or      3.20  x  l.S 


Ft.  Ins.    Ft.  Ins.    Ft.  In 

10    6x6    2x11, 

10.5 

6.17 


M. 

x  0.33 


4)17540.538 

4)4385.134 

7)1096.283 

4)156.611 

20)39.152 


1.88 


735 
105 
630 

256 
256 
32 

64.785 
1.083 

6.016 
0.33 

194355 
518280 

647850 

18048 
18048 

1.98528  tonne 

4)70162.155 

1.957  ton. 

Tocating  them,  and  those  who  did  not, 
for  the  opportunity  of  stating  their  objec- 
tions. He  would  beg  the  author  to  be 
good  enough  to  explain  the  tabular  corn- 
pans  on  given  in  the  example  to  the 
paper. 

Mr.  Hamilton-Smythe  said  he  had  put 
forward  a  mode  of  calculation,  almost  at 
random,  with  which  engineers  were  fa- 
miliar. He  had  taken  British  measures 
to  find  the  weight  of  water  in  a  tank  10 
feet  6  inches  by  6  feet  2  inches  by  1  foot 
1  inch,  and  also  the  nearest  equivalent 
metric  measures — 3.20  meters  by  1.88 
meter  by  0.33  meter.  He  had  done  this 
in  British  measures  approximately.  He 
had  not  converted  the  cubic  feet  into  the 
exact  number  of  lbs.,  but  had  assumed 
1,000  oz.  to  the  cubic  foot,  the  more 
exact  weight  being  998.2  oz.,  or  there- 
abouts. Taking  1,000  oz.,  produced  an 
error,  but  shortened  the  process.  To  ef- 
fect the  calculation  with  British  meas- 
ures by  the  shortest  way  required  ninety- 
four  figures.  It  was  done  accurately 
in  metric  measures  with  thirty-five  fig- 
ures. 

Mr.  Henry  Maudslay  said  the  author 
had  not  done  himself  or  his  subject  jus- 
tice in  putting  that  calculation  in  such  a 
form,  because   British   measure  of    feet 


and  inches  would  have  to  be  reduced 
first  of  all  to  the  lowest  denomination 
before  calculations  were  begun,  or  else  it 
would  be  necessary  to  have  a  book  of 
decimals,  or  to  work  it  out  in  some  other 
form,  before  arriving  at  the  results  which 
had  been  obtained.  The  "5"  in  10.5 
meant  "6"  inches.  There  was  thus  a 
mental  calculation  as  to  the  half  of  a 
foot  put  in  decimal  terms,  and  to  put 
measurements  of  feet  and  inches  and  dif- 
ferent proportions — eighths  and  six- 
teenths—in such  a  way  into  figures  that 
the  calculation  could  be  commenced, 
would  represent  an  extra  number  of  fig- 
ures. Thus,  instead  of  the  calculation 
being  as  was  shown  in  the  tabular  com- 
parison, there  ought  to  have  been  many 
more  figures.  He  understood  that  the 
terms  under  which  the  paper  had  been 
brought  before  the  Institution  had  refer- 
ence only  to  engineering  purposes,  and 
he  remembered,  as  a  result  of  the  Inter- 
national Exhibition  of  1851,  that  Sir  Jos.. 
Whitworth  and  others,  including  Mr. 
(now  Sir  William)  Armstrong,  prepared 
scales  to  metric  measure,  and  to  decimals 
of  feet,  carefully  and  elaborately  made. 
At  the  same  time  they  were  rendered 
easy  of  comprehension.  One  remark  in 
the  paper  with  reference  to  money  opened 
another  question.  He  supposed  it  would 
make  very  little  difference  to  the  British 
commercially,  or  as  engineers,  whether 
Russia  or  Turkey  ever  adopted  the  metric 
system  or  not.  He  had  traveled  consid- 
erably in  countries  where  the  metric  sys- 
tem was  in  operation,  and  he  found  that 
the  ordinary  people  of  those  countries 
were  enabled  to  conduct  the  affairs  of 
every-day  life  with  greater  facility,  rapid- 
ity, and  accuracy,  than  English  people 
could  with  their  own  peculiar  sjrstem. 
After  the  first  International  Exhibition 
in  1851,  so  much  was  said  and  done 
about  the  metric  system,  that  it  was  al- 
most impossible  to  elicit  a  new  idea  upon 
the  subject.  He  did  not  think  the  argu- 
ments that  could  now  be  brought  forward 
would  enable  any  one  to  form  a  more 
sound  judgment  on  the  matter  than 
could  be  arrived  at  from  what  had  been 
already  exhibited  by  those  who  had  care- 
fully examined  the  metric  system.  If  it 
came  to  be  a  question  of  adopting  a 
form  of  metric  system,  he  thought  that  a 
large  majority  of  engineers  would  carry 
the  day  for  it.      They  were  dissatisfied 


240 


VAN   NOSTRAND'8    ENGINEERING   MAGAZINE. 


with  the  present  English  measure.  The 
difficulties  to  be  encountered,  in  chang- 
ing the  figures  in  calculations,  repre- 
sented possible  fallacies  and  inaccuracies, 
and  the  greater  the  number  of  figures, 
the  greater  the  number  of  calculations  to 
be  made,  thereby  increasing  the  chances 
of  error.  He  would  distinctly  express 
himself  in  favor  of  the  metric  system, 
or  some  system  which  adopted  an  easy 
form  for  calculation,  and  that  the  differ- 
ent terms  should  be  called  by  names  that 
might  be  readily  learned.  The  thirty-two 
millions  of  people  in  this  country,  and 
the  Americans,  required  that  names 
should  be  given  to  the  different  meas- 
ures, weights  and  numbers,  and  values 
of  money,  which  they  could  easily  un- 
derstand and  remember,  rather  than 
terms  and  names  which  would  be  difficult 
to  learn,  and,  if  learned,  would  soon  be 
forgotten. 

Mr.  G.  Wells  Owen  observed  that  it 
was  one  of  the  drawbacks  incident  to 
the  lot  of  suffering  humanity,  a  heritage 
from  the  days  of  the  Tower  of  Babel, 
that  people  of  different  nationalities  were 
hampered  in  their  intercourse  with  each 
other  by  differences  of  language,  and  al- 
though perhaps  not  coming  so  directly 
from  that  historical  event,  by  differences 
of  measures,  moneys  and  weights.  Many 
of  these  difficulties  and  differences  had 
been  considerably  modified  of  late  years, 
and  perhaps  he  was  not  over  sanguine  in 
thinking  that  they  would  be  still  more 
so.  The  paper,  which  tended  to  a  dis- 
cussion upon  one  mode  of  modifying 
some  of  those  difficulties,  was  one  which 
he  thought  the  Institution  might  very 
well  discuss,  because  it  was  more  than 
thirty  years  since  a  discussion  on  a  simi- 
lar subject  took  place. 

On  the  28th  of  February,  1854,  a  paper 
by  Mr.  James  Yates  was  read  before  the 
Institution  "  On  the  French  System,  of 
Measures,  Weights  and  Coins."  The  dis- 
cussion upon  that  paper  related  more  es- 
pecially to  the  matter  of  the  decimal 
coinage,  and,  although  the  consensus  of 
opinion  seemed  to  be  in  favor  of  a  deci- 
mal system,  the  discussion  turned  to  a 
great  extent  upon  what  was  the  best 
standard  of  value  as  the  basis  for  that 
decimal  coinage.  The  part  that  more 
particularly  interested  engineers  was  that 
concerning  weights  and  measures,  and 
therefore  he  would  allude  no  further  to 


the  coinage,  beyond  saying  that  he  hoped 
that  if  England  ever  did  adopt  a  decimal 
coinage  she  would  disregard  all  ques- 
tions as  to  what  the  present  coins  were, 
and  effect  a  radical  change  by  assimilat- 
ing it  to  that  of  the  other  countries  which 
were  members  of  the  Latin  Monetary 
Union.  Those  who  were  accustomed  to 
travel  where  that  league  prevailed  knew 
how  easy  it  was  to  pass  backward  and 
forward  from  one  country  to  another 
without  changing  their  money,  and  they 
also  knew  what  difficulties  arose  the  mo- 
ment they  passed  from  one  of  those 
countries  into  some  neighboring  State 
unconnected  with  the  Union.  No  doubt 
there  would  be  great  inconveniences  in 
adopting  an  entirely  different  standard  of 
value,  but,  although  that  might  be  so,  it 
was  only  necessary  to  consider  what  had 
been  done,  for  instance,  in  Germany, 
where,  at  the  time  of  the  formation  of 
the  German  Empire,  the  numerous  coin- 
ages that  prevailed  in  the  various  States 
were  abolished.  Former  travelers  in 
Germany  would  probably  remember  the 
difficulties  they  experienced  there.  He 
hoped  that  if  England  did  adopt  a  new 
coinage  it  would  be  assimilated  to  the 
French  franc.  The  more  immediate 
question  before  the  Institution,  however, 
was  that  of  weights  and  measures, 
and  perhaps  it  would  be  interest- 
ing in  connection  with  that  if  he  men- 
tioned the  dates  at  which  different 
countries  had  adopted  the  metric  system 
of  weights  and  measures,  in  order  to 
show  how  it  had  spread  in  recent  years. 
In  France,  metric  weights  and  measures 
were  enacted  in  1795,  but  were  not  made 
compulsory  till  1840.  The  metric  sys- 
tem, with  Dutch  names,  was  introduced 
into  Holland  in  1820,  but  from  the  1st  of 
January,  1870,  the  metric  names  came  in, 
with  facultative  use  of  the  old  Dutch 
names.  The  next  country  which  took  the 
matter  up  was  a  very  small  one  at  a  con- 
siderable distance  from  France — the 
kingdom  of  Greece — where  metric  weights 
and  measures,  but  with  Greek  names, 
were  introduced  by  an  ordinance  dated 
the  26th  of  October,  1836.  In  1852, 
Portugal  decreed  that  the  metric  basis 
should  be  used,  and  a  period  of  ten  years 
was  fixed  for  its  introduction  and  adop- 
tion. The  metric  measures  of  length 
came  into  use  m  January,  1860,  weights 
in  July,  1861,   surface  measures  in  July, 
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1862,  and  measures  of  capacity  in  Jan- 
uary, 1863.  In  Spain  the  metric  system 
was  adopted  on  the  1st  of  January,  1859, 
and  became  compulsory  on  the  1st  of 
July,  1 868.  It  was  also  the  legal  system 
of  all  the  Spanish  Colonies.  In  Italy 
the  System  was  adopted  in  1859,  when 
most  of  the  Italian  States  were  united  to 
form  the  Kingdom  of  Italy.  In  the 
German  Empire  it  came  into  use  in  1872, 
and  in  the  Austro-Hungarian  Empire  it 
was  made  permissive  on  the  1st  of  Jan- 
uary, 1873,  and  compulsory  on  the  1st  of 
January,  1876.  In  Switzerland  it  be- 
came the  legal  system  on  the  1st  of  Jan- 
uary, 1873  ;  it  was  adopted  in  Sweden 
by  an  Act  of  the  19th  of  May,  1875  ;  and 
in  Norway  by  an  Act  of  the  22d  of  May, 
1875,  to  come  into  force  at  the  expiration 
of  three  years  after  the  passing  of  the 
law.  In  the  United  States  it  became 
permissive  by  an  act  of  the  28th  of  July, 
1866.  He  did  not  know  the  date  when 
the  system  was  introduced  into  Belgium, 
but  it  was  in  use  there,  and  also  in  the 
Ionian  Islands,  Algeria,  the  United  States 
of  Columbia,  Peru,  Chili,  the  Argentine 
Ttepublic,  and  Uruguay  ;  and  it  was  also 
permissive  in  British  North  America 
under  an  Act  of  1873.  Of  course,  if  the 
metric  system  of  measures  were  adopted 
in  England  the  old  systems  must  be  dis- 
carded. As  the  author  had  stated,  the 
minds  of  engineers  in  America  and  Eng- 
land were  saturated,  especially  with  re- 
gard to  ironwork,  with  dimensions  ex- 
pressed in  English  inches  and  fractions 
of  inches.  That  would  be  a  great  trouble 
to  English  engineers  at  first,  but  he 
thought  they  must  not  look  so  much  to 
what  would  be  a  trouble  to  themselves 
as  to  what  would  be  a  benefit  to  the 
world  at  large,  and  no  doubt  in  a  short 
time  they  would  get  so  familiarized  with 
the  new  measures,  as  to  use  them  as 
readily  and  freely  as  they  now  did  the 
old  ones.  When  the  German  Empire 
adopted  the  metric  system  of  measures, 
sixteen  States  fused  into  that  Empire  had 
no  less  than  sixteen  different  lengths  for 
the  foot,  varying  from  9.84  inches  to 
12.35  inches.  Their  other  measures 
varied  in  a  similar  manner,  but  the  met- 
ric system  had  been  adopted  throughout 
Germany  without  entailing  much  incon- 
venience. All  specifications  in  Germany 
and  Austro-Hungary  were  now  prepared 
on  the  metric  system,  and  therefore  he 
Vol.  XXXIIL— No.  3—17 


thought  there  would  not  be  much  diffi- 
culty in  getting  used  to  it  in  England, 
where  he  hoped  it  would  one  day  or 
other,  perhaps  by  degrees,  be  adopted. 

Mr.  Percival  Fowler  said  he  had  been 
abroad  for  some  years,  and  had  known 
many  engineers  well  acquainted  with  the 
two  systems,  but  he  had  never  met  one 
who,  after  a  month's  practice,  did  not 
prefer  the  decimal  metric  system.  He 
considered  that,  with  the  increasing  in- 
ternational communication  of  the  pres- 
ent day,  it  was  of  the  highest  import- 
ance that  weights,  measures,  &c,  should 
be  uniform  in  all  countries.  Scientists 
had  long  since  recognized  the  conve- 
nience of  an  international  technical  lan- 
guage, and  in  biology,  botany,  and  many 
other  sciences,  Latin  or  Greek  names  had 
been  chosen  which  were  intelligible  to  all 
the  civilized  world  ;  in  electricity  the  new 
nomenclature  had  been  adopted  by  an 
International  Commission.  Considering 
that  a  uniform  decimal  system  had  been 
adopted  in  nearly  all  civilized  countries, 
it  was  necessary  that  England  should 
seriously  consider  the  question.  Eng- 
lish machinery  went  all  over  the  world, 
and  had  to  be  mounted  in  other  countries 
by  workmen  who  were  not  acquainted 
with  eighths,  sixteenths,  full  thirty- 
seconds,  and  other  like  measures.  In 
England  the  decimal  system  had  been 
used  in  many  ways.  Barometers  were 
graduated  in  inches  and  tenths  of  an 
inch,  level-staffs  to  feet  and  tenths  of  a 
foot;  and  in  spite  of  ourselves  the 
decimal  system  was  being  introduced 
into  this  country.  The  difficulty  of  learn- 
ing the  metric  system  had  been  immense- 
ly overrated.  He  could  speak  from 
practical  experience  that  in  Spain,  in  a 
week,  the  workmen  became  thoroughly 
conversant  with  meters,  centimeters  and 
millimeters,  and  he  was  certain  that  the 
difficulty  of  changing  the  English  sys- 
tem of  weights  and  measures  to  the 
decimal  system  had  been  greatly  over- 
estimated. He  had  heard  it  said  that 
English  weights  and  measures  were  more 
convenient,  but  he  did  not  see  how  that 
could  be.  He  believed  that  one  Ord- 
nance scale  was  -g-g-yj^,  and  besides  the 
poles,  yards,  feet  and  inches,  the  land 
measure  was  7.92  inches  in  a  link,  100 
links  in  a  chain,  and  80  chains  to  a  mile. 
Silver  and  lead  ores  were  reckoned  by  so 
many  ounces  troy  to  1  ton  avoirdupois, 
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so  that  in  order  to  arrive  at  the  propor- 
tion of  silver  in  lead  it  was  necessary  to 
take  two  separate  measures,  and  calculate 
them.  With  regard  to  the  question  of 
calculations  for  water,  since  a  liter  of 
water  weighed  a  kilogram,  the  calcula- 
tion was  of  the  simplest  sort.  In  Eng- 
land the  measurement  was  effected  in 
cubic  feet  or  gallons,  and  he  always  had 
to  refer  to  a  book  of  tables,  for  he  could 
never  remember  the  equivalent  figures. 
A  most  inconvenient  scale  was  three- six- 
teenths of  an  inch  to  a  foot,  and  a  cal- 
culation had  to  be  made  as  to  what  pro- 
portion that  was.  He  did  not  under- 
stand why  it  was  that  Englishmen  had 
not  yet  adopted  the  decimal  system.  As 
for  British  pride,  the  French  proverb 
might  be  true  'Les  Francais  inventent, 
mais  les  Anglais  perfectionnent,"  but  as 
regarded  the  decimal  system,  English- 
men had  neither  invented  nor  perfected 
it,  and  he  thought  they  ought  to  adopt 
what  had  been  found  practicable  in 
nearly  all  civilized  countries.  It  would 
be  of  the  greatest  convenience,  as  he  did 
not  believe  that  a  single  member  of  the 
Institution  had  not  constantly  to  refer  to 
a  table  to  convert  English  weights  and 
measures  to  their  metric  equivalents. 

Mr.  Rodolph  De  Salis  desired  to  men- 
tion a  few  facts  which  he  thought  told  in 
favor  of  the  present  systems.  It  could 
not  be  denied  that  starting  with  a  clean 
slate  a  universal  system  of  weights,  meas- 
ures and  coinage  would  be  desirable ;  but 
it  might  be  fairly  questioned  whether  a 
decimal  system  would  be  the  best,  and  if 
a  decimal  system  were  adopted,  whether 
it  should  be  based  on  the  meter  ;  and  as 
different  systems  were  in  existence,  it 
might  also  be  questioned  whether  the  ad- 
vantages of  a  change  would  counterbal- 
ance the  disadvantages.  In  considering 
such  a  change,  the  advantages  should  be 
gauged  not  by  the  preferences  of  scien- 
tific persons,  but  by  the  convenience  of 
the  bulk  of  the  people ;  and  he  certainly 
thought,  for  general  purposes,  a  system 
admitting  of  binary  and  ternary  subdivi- 
sions was  more  convenient  than  a  system 
based  on  decimal  subdivisions.  All  knew 
the  convenience  of  dividing  anything 
into  halves,  quarters,  or  thirds,  or  their 
subdivisions.  It  was  not  so  clear  how 
conveniently  to  divide  things  into  fifths, 
tenths,  and  hundredths  in  the  ordinary 
practical   affairs   of  life.     Of  course,  for 


all  purposes  of  calculation  a  decimal  sys- 
tem had  immense  advantages ;  but,  prac- 
tically, that  system  was  in  use  in  all  cal- 
culations. Everything  was  decimalized, 
or  was  worked  by  logarithms.  Even 
actuarial  computations  were  always  made 
in  sovereigns  and  decimals  of  sovereigns ;. 
indeed,  under  the  present  system,  com- 
putors  had  the  advantage  of  using  deci- 
mals when  they  liked,  and  fractions 
when  they  were  most  convenient.  The 
present  measures,  he  thought,  were  very 
convenient.     A   yard,   for   example,  was 

rth  of 


the  1T1T0-th  of  a  mile,  and  the  ^-g^ 
an  acre.  Then  there  was  the  ternary  di- 
vision of  the  yard,  the  foot.  He  had  al- 
ways considered  the  foot  to  be  a  particu- 
larly handy  measure  for  hydraulic  and 
other  calculations.  It  correlated  very 
well  with  the  gallon  and  the  pound,  25 
quarter  gallons  or  50  pints  making  a 
cubic  foot — near  enough  for  all  practical 
purposes — and  10  lbs.  of  water  a  gallon. 
With  regard  to  the  practical  uses  of 
the  foot,  the  only  instance  he  would  give 
was  that  of  building,  and  the  cognate 
trade  of  brickmaking.  A  brick  was  f  by 
i  of  a  foot,  and  its  breadth  was  its 
length  divided  binarily.  Those  were  con- 
venient fractions,  and  from  them  quan- 
tities could  be  estimated.  The  thickness* 
of  a  wall  was  one  brick,  a  brick  and 
a-half  or  two  bricks,  and  it  contained  so 
many  courses  of  brick-work,  all  in  terms 
of  the  foot.  If  the  metric  system  were 
adopted  instead,  it  would  be  found  that 
a  brick  was  equal  to  0.2286  by  0.0762  by 
0.1143  of  a  meter,  which  he  did  not  think 
would  be  very  convenient.  But  if  the 
brick  were  to  be  changed  to  suit  the  new 
system,  the  inconvenience  would  be  very 
great ;  all  contracts  for  the  sale  of  brick 
earth  would  have  to  be  revised,  and 
brick-making  machinery  would  become 
antiquated.  Again,  it  would  be  a  great 
disadvantage  that  new  work  could  not  be 
conveniently  joined  to  old  work.  The 
old  bricks  could  not  be  used  with  the 
bricks  of  the  new  standard.  How  could 
old  work  be  bonded  on  to  new?  It 
would  be  almost  sure  to  result  in  failure. 
With  regard  to  the  theoretical  basis,  he 
agreed  with  the  author  that  the  accuracy 
or  otherwise  of  its  relation  to  the  merid- 
ian was  not  material ;  but  according  to 
kSir  John  Herschel,  the  inch  was  as  sci- 
entific a  basis  as  the  meter.  Again,  the 
yard  was  an  extremely  convenient  step,. 
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and  on  that  account  a  good  basis.  It  was 
a  better  step  than  the  meter.  It  was  a 
natural  step  for  a  tall  man,  and  a  very 
long  step  for  a  short  man;  but  adding 
3.37  inches  for  each  step  would  probably 
put  it  beyond  the  compass  of  a  short  man, 
and  he  could  state  personally  that  it  was 
a  longish  step  for  a  tall  man.  That  was 
a  practical  consideration  which  ought 
not  to  be  disregarded.  What  were  the 
advantages  to  be  gained  by  the  adoption 
of  a  change  which  would  certainly  affect 
nearly  every  transaction  in  life !  A  map 
had  been  exhibited  showing  the  size  of 
the  countries  using  metric  measures  as 
compared  with  the  British  Islands,  and 
on  the  theory  that  the  smaller  must  yield 
to  the  greater,  it  was  urged  that  the  met- 
ric system  should  be  adopted  in  England. 
That  argument,  if  worth  anything,  oper- 
ated entirely  the  other  way.  The  British 
sway  extended  over  one-fifth  of  the  habit- 
able globe,  while  the  area  of  metric 
countries  was  only  about  one-thirty-fifth. 
The  British  Empire  included  a  popula- 
tion of  310  millions,  the  United  States  50 
millions,  and  the  metric  countries  about 
200  millions.  The  British  imports 
and  exports  for  1883  to  the  British  pos- 
sessions amounted  to  £188,000,000,  to  the 
United  States  to  £135,000,000,  to  vari- 
ous other  places,  to  £142,000,000,  mak- 
ing a  total  of  £465,000,000 ;  the  amount 
to  the  metric  countries  was  £266,000,- 
000.  Therefore,  as  far  as  size  went,  the 
balance  was  entirely  on  the  side  of  the 
present  measures.  The  coinage  would 
certainly  be  more  conveniently  affected 
by  a  change  than  weights  and  measures  ; 
but  he  thought  the  commercial  classes 
were  not  in  favor  of  change.  In  1849  the 
norin,  the  decimal  subdivision  of  a  pound, 
was  introduced,  and  the  coinage  of  half- 
crowns  was  stopped.  In  1874,  a  circular 
was  addressed  to  bankers  and  others  in- 
terested, asking  whether  half-crowns 
should  be  discontinued  or  florins,  or 
whether  both  should  be  coined.  In  official 
phraseology  the  answer  to  the  circular 
showed  an  il  overwhelming  preponder- 
ance "  in  favor  of  the  continuance  of  both 
coins,  while  out  of  six  letters  to  the 
Times  on  the  subject,  not  one  advocated 
the  dropjDmg  of  the  half-crown.  He  did 
not  regard  with  the  author's  equanimity 
the  depreciation  in  the  value  of  their  li- 
brary which  would  result  from  a  change 
in  notation.     No  doubt  a  certain  number  i 


of  text-books  would  be  translated,  but 
the  bulk  of  the  works,  all  the  Parliamen- 
tary papers,  books  of  reference,  and,  he 
should  imagine,  nineteen-twentieths  of 
the  library  would  become  antiquated  and 
practically  unusable ;  whereas,  under  the 
present  system,  it  was  found  that  any 
good  book  published  in  French  or  Ger- 
man was  promptly  translated  into  English 
with  English  measures,  and  took  its  place 
beside  English  literature.  It  had  been 
urged  that  the  metric  or  decimal  system 
was  much  easier  to  learn.  No  doubt  it 
was,  but  surely  that  was  not  altogether 
an  advantage.  He  would  put  in  the  form 
of  a  proportion  sum :  As  Greek  is  to 
French  so  is  the  English  complicated  sys- 
tem to  the  metric  system  in  point  of 
mental  training.  He  dissented  altogether 
from  the  idea  that  the  professional  classes 
should  be  the  first  to  advocate  a  change 
of  that  sort.  Such  a  change  ought  to 
come  from  the  bottom  and  not  from  the 
top,  and  ought  to  be  the  product  of  ne- 
cessity. That  the  bulk  of  the  people  did 
not  feel  the  need  of  the  change  was,  he 
thought,  shown  by  the  fact  stated  by  the 
author,  that  the  general  public  in  both 
countries,  England  and  the  United  States 
of  America,  appeared  indifferent  on  the 
subject.  As  professed  mathematicians, 
or  at  least  arithmeticians,  he  thought 
engineers  ought  to  be  ready  to  adapt 
themselves  to  any  system  that  appeared 
to  commend  itself  to  their  clients,  and 
not  expect  them  to  give  up  convenient 
binary  divisions  in  order  to  facilitate  pro- 
fessional calculations.  He  classed  a  uni- 
versal system  of  measures,  weights,  and 
money,  in  the  same  category  with  a  uni- 
versal language.  Both  were  theoretically 
very  advisable,  but  he  thought  they  were 
not  practicable.  No  doubt  they  would  be 
much  less  anomalous  than  the  present 
system,  but  he  doubted  whether  they 
would  be  so  useful. 

Mr.  R.  C.  Rapier  said  that,  ten  years 
ago  he  should  have  made  much  the  same 
speech  as  that  which  had  just  been  deliv- 
ered. In  1868,  when  the  great  discussion 
on  the  subject  took  place,  he  was  strongly 
in  favor  of  retaining  things  as  they  were ; 
he  then  thought  there  was  no  measure  of 
length  so  convenient  as  the  English  foot, 
and  no  unit  of  capacity  so  useful  as  the 
English  gallon.  But  circumstances  al- 
tered cases.  During  the  last  fifteen  years 
he  had  been  obliged  to  have  recourse  to 
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meters,  kilometers,  and  such  like  meas- 
ures, and  he  found  that  they  were  not  so 
objectionable  after  all;  in  fact,  he  had 
compiled  some  useful  and  handy  rules  for 
himself  on  the  subject.  Mr.  DeSalis  had 
spoken  of  the  importance  of  conserving 
the  English  system.  Mr.  Rapier  ventured 
to  say  that  the  English  weights  arid  meas- 
ures were  not  a  system,  they  were  an  ac- 
cident ;  they  were  never  created  upon  any 
systematic  principle  or  plan.  In  one  part 
of  the  country  14  lbs.  were  a  stone,  and 
in  another  16  lbs.,  and  similar  diversities 
were  well  known.  Whether  the  standard 
of  length  was  a  pendulum  vibrating  sec- 
onds, or  the  common  yard  or  foot,  he  did 
not  care  ;  but  he  maintained  that  a  deci- 
mal system  was  the  right  one,  and  he  in- 
clined strongly  to  the  metric  system,  be- 
cause it  was  already  established  over  the 
rest  of  Europe.  The  metric  system  had 
the  advantage  of  an  intelligible  and  defin- 
ite connection  between  units  of  length, 
units  of  capacity,  and  units  of  weight. 
The  meter  was  referable  to  the  vibration 
of  a  pendulum ;  so  would  any  other  unit 
be,  but  it  so  happened  that  the  cubic  me- 
ter coincided  very  nearly  with  the  English 
ton,  the  French  tonne.  He  thought  en- 
couragement might  be  taken  from  the  fact 
of  that  connection.  With  regard  to 
money,  the  present  system  on  the  plan 
shadowed  forth  by  the  author,  and  previ- 
ously mentioned  by  Sir  John  Herschel, 
admitted  readily  of  an  adaptation  to  a 
decimal  sytem,  and  it  had  a  tolerably  near 
affinity  to  the  system  on  the  Continent, 
bearing  in  mind  that  twenty  English  shil- 
lings were  as  good  as  twenty-five  francs. 
The  convenience  of  the  relationship  of  the 
measures  on  the  metric  system  was  very 
great.  For  instance,  a  cubic  meter  of 
water  was  a  ton.  The  number  of  cubic 
meters  of  any  other  material  multiplied 
by  its  specific  gravity  gave  the  number  of 
tons.  Again,  to  take  a  familiar  illustra- 
tion, that  of  a  railway  to  be  laid  with  rails 
35  kilograms  per  meter,  there  were  70 
metric  tons  in  a  kilometer;  it  was  easy  to 
reckon  how  many  English  tons  there 
would  be  according  to  the  English  sys- 
tem, but  in  the  other  case  it  was  obvious. 
If  the  members  would  regard  the  matter 
practically,  for  about  six  months,  they 
would  begin  to  think  in  the  new  measures, 
and  then  the  whole  would  become  per- 
fectly easy.  To  facilitate  thinking  in 
metric  measures,  he  had  adopted  the  fol- 


lowing ready  rules  :  To  convert  meters  in- 
to feet,  divide  by  3,  and  move  the  decimal 
point  one  place  to  the  right.  To  convert 
feet  into  meters,  multiply  by  3,  and  move 
the  decimal  point  one  place  to  the  left. 
To  convert  millimeters  into  inches,  multi- 
ply by  4,  and  move  the  decimal  point  one 
place  to  the  right.  To  convert  inches  in- 
to millimeters,  divide  by  4  and  move  the 
decimal  point  one  place  to  the  left.  To 
change  hectares  into  acres,  divide  by  4, 
and  move  the  decimal  point  one  place  to 
the  right.  To  convert  square  meters  into 
square  yards,  add  one -fifth.  To  change 
cubic  meters  into  cubic  yards,  add  one- 
third.  To  convert  kilometers  into  miles, 
divide  by  2,  and  add  one-fourth.  All  the 
above  examples  were  worked  by  the  use 
of  the  elementary  numbers,  3,  4,  and  5, 
and  gave  results  correct  within  1£  per 
cent.,  and  the  rules  were  therefore  suffi- 
ciently near  for  the  purpose  of  mental 
calculation,  to  facilitate  a  familiarity  with 
the  metric  equivalents. 

Mr.  E.  W.  Young,  to  show  the  compari- 
son between  decimals  and  duodecimals, 
exhibited  a  calculation  in  compound  addi- 
tion by  both  methods,  in  which  there  was 
one  column  more  in  the  decimal  sum  than 
in  the  duodecimal.  Again,  to  illustrate 
the  ordinary  transactions  in  commerce, 
millions  of  which  took  place  every  day  in 
London  alone,  suppose  a  shopman  wished 
to  ascertain  the  cost  of  17  yards  at  5f  d, 
he  did  not  reduce  5$d.  to  farthings,  mul- 
tiply by  17,  and  reduce  back  to  pence  and 
shillings,  but  he  applied  a  process  of  men- 
tal arithmetic,  thus :  he  said,  Why,  that  is 
17  sixpences  less  17  farthings,  or  8s.  6d.  less 
4£<£,  that  is  8s.  If  d  It  was  done  in  an  in- 
stant. Now  if  the  decimal  system  were 
in  force,  and  there  were  25  farthings  to 
the  sixpence,  the  shopman  would  have  to 
multiply  yards  by  farthings,  which  would 
be  far  less  convenient  than  the  present 
system.  Indeed,  for  every  little  purchase 
made,  the  shopman  would  have  to  pull 
out  pencil  and  paper  to  make  a  calcula- 
tion. The  duodecimal  system  had  the 
advantage  over  the  decimal  system  in  ad- 
mitting the  use  of  fractions  to  a  much 
greater  extent,  so  that  sums  could  be 
more  easily  done  mentally.  It  was  not 
the  convenience  of  the  scientific  or  pro- 
fessional man  in  his  office  that  ought  to 
be  considered,  but  the  general  conve- 
nience of  the  multitude  in  the  millions  of 
transactions   going   on    throughout    the 
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country.  The  introduction  of  the  meter 
would  necessarily  mean  the  introduction 
of  the  decimal  system  generally,  and  he 
thought  that  an  alteration  to  the  decimal 
system  would  occasion  very  great  incon- 
venience, and  it  was  exceedingly  doubtful 
whether  there  would  be  any  economy  of 
labor  in  it.  For  the  purpose  of  contrast- 
ing the  meter  with  the  present  British 
standards  of  measurement,  the  following 
example  afforded  a  fair  comparison  be- 
tween the  two  systems.  The  sum  was : 
required  the  contents  in  cubic  yards  of  a 
block  of  masonry  8S  feet  by  3  feet  9 
inches  by  2  feet  3  inches.  The  usual 
way  of  doing  this  was  by  fractions,  thus, 

8S^ 

-q—  XlJ^  Xly-    The  threes  canceled  one 

another  and  the  result  was  at  once  ^J^  cubic 
yards  =27.5  cubic  yards.  Using  the  deci- 
mal system,  it  would  be  necessary  first  to 
multiply  88  by  3.75,  and  the  product  by 
2.25.  involving  a  large  number  of  figures. 
Even  then  the  result  would  only  be  in 
cubic  feet,  and  though  it  would  be  unfair 
to  the  decimal  system  to  debit  it  with  the 
figures  that  would  be  needed  to  reduce 
cubic  feet  to  cubic  yards,  the  sum  so  done 
would  be  a  better  comparison  of  the  two 
systems  than  the  example  given  by  the 
author,  which  he  thought  ingeniously  un- 
fair. With  regard  to  the  suggestion  that 
twenty-five  farthings  would  equal  six- 
pence ;  that,  he  thought,  would  be  a  great 
disaster,  because  24  could  be  divided  by 
2,  4,  8,  12,  6,  and  3,  and  those  numbers 
were  again  divisible  by  others.  Altogeth- 
er there  were  eighteen  divisions  and  sub- 
divisions, but  25  could  only  be  divided 
once  by  5.  He  did  not  know  how  it  was 
that  the  present  duodecimal  system  was 
first  hit  upon.  Evidently  those  who  made 
12  inches  to  the  foot  had  some  idea  of 
utility.  The  same  system  was  constantly 
used.  There  were  twenty-four  hours  to 
the  day  ;  the  arc  was  divided  into  360°,  a 
multiple  of  twelve.  He  had  heard,  how- 
ever, that  an  agitation  was  going  on  for 
a  division  of  the  circle  into  decimals, 
which  he  should  very  much  regret.  If 
that  were  accomplished  he  supposed  there 
would  be  a  demand  for  twenty  hours  to 
the  day  instead  of  twenty-four.  There 
was  a  disadvantage  in  the  decimal  system 
in  consequence  of  the  similarity  of  some 
of  the  terms,  such  as  decimeter,  and  dec- 
ameter, deciliter,  and  decaliter,  deciareand 
decare,  decistere  and  decastere.     He  be- 


lieved that  working  men  would  be  con- 
fused with  words  so  much  alike,  and  a 
great  many  mistakes  would  be  made 
through  bad  writing.  If  a  man  forgot  to 
dot  the  "i"  that  might  make  all  the  dif- 
ference between  a  decimeter  and  a  deca- 
meter. He  thought  it  would  be  a  good 
thing  to  get  rid  of  the  66-foot  chain. 
There  were  many  anomalies  in  the  pres- 
ent system,  and  a  great  many  things  that 
it  might  be  desirable  to  change ;  but 
it  was  a  serious  matter  to  propose  to 
change  the  whole  of  the  system  adopted 
in  England,  in  the  Colonies,  and  in  the 
United  States.  He  considered  it  a  mis- 
take to  lay  so  much  stress  upon  foreign 
commerce.  No  doubt  it  was  large,  but  it 
was  small  in  comparison  with  the  internal 
commerce  of  the  country.  Foreign  com- 
merce, too,  was  wholesale,  while  internal 
commerce  was  chiefly  retail ;  so  that  there 
might  be  ten  thousand  or  one  hundred 
thousand  transactions  taking  place  in  this 
country  with  the  present  system  of  coin- 
age and  measures  for  one  negotiation  in 
meters.  When  Englishmen  went  abroad 
they  took  French  money  with  them,  and 
knew  how  to  deal  with  it,  and  on  return- 
ing home  they  had  no  difficulty  in  revert- 
ing to  their  own  system.  It  might  be 
necessary  for  German  duchies  about  the 
size  of  an  English  county,  placed  between 
two  large  States  like  France  and  Germany, 
to  adopt  the  metric  system,  but  not  in  a 
country  like  England. 

Mr.  C.  E.  Cowper  wished  to  call  atten- 
tion to  three  points.  With  reference  to 
the  calculation  submitted  by  the  author, 
some  of  the  advocates  of  the  British  sys- 
tem had  computed  it  in  different  ways, 
some  by  duodecimals  and  some  by  vul- 
gar fractions.  The  author  had  brought 
it  forward  as  a  sample  calculation  to 
show  the  superior  advantage  of  the  met- 
ric system,  but  he  did  not  think  he  had 
done  his  best ;  because,  though  the  tank 
might  have  been  marked  on  the  drawing 
10  feet  6  inches,  its  dimensions  would  be, 
perhaps,  when  made,  f  inch  more  or 
less  than  that  length.  What  was  a  tank 
to  be  measured  for?  If  he  had  to  meas- 
ure the  tank  to  find  the  weight  of  the 
water,  in  order  to  ascertain  what  sized 
iujector  to  put  in,  or  what  size  of  feed- 
pump to  use  for  a  boiler,  he  would  be 
content  to  take  it  approximately — say  2 
tons,  which  would  be  near  enough.  Sup- 
pose, on  the  other  hand,  great  accuracy 
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were  needed — if,  for  example,  the  tank 
were  used  for  gauging  water  in  a 
pumping-engine  trial,  measuring  the  feed- 
water  into  the  boiler  (and  the  contract 
price  might  depend  on  the  economy),  the 
case  would  be  very  different.  In  that 
case  the  dimensions  of  the  tank  might  be 
10  feet  6§  inches  by  6  feet  2|  inches,  and 
the  depth  of  the  water,  perhaps,  1  foot 
T3g-  inch.  He  thought  the  duodecimal 
system,  or  the  vulgar  fraction  system, 
would  not  then  work  out  so  neatly  ;  but 
by  the  metric  system  it  did  not  matter 
whether  the  measurement  was  0.33,  0.34 
or  0.35 ;  the  calculation  was  not  any 
longer.  Again,  the  author  might,  he 
thought,  have  made  more  of  the  small- 
ness  of  the  unit.  Regarding  the  ques- 
tion as  a  matter  of  abstract  principle, 
suppose  it  were  necessary  to  make  an  ar- 
rangement for  a  new  world,  where  no 
difficulties  would  arise  on  account  of 
established  customs  or  international  in- 
tercourse, a  small  unit  of  measurement, 
convenient  to  work  to,  and  one  that  could 
be  easily  divided  on  boxwood  or  steel, 
would  certainly  be  looked  for.  Such  a 
unit  existed  in  the  millimeter,  but  not  in 
the  inch,  or  any  decimal  division  of  the 
inch  or  foot ;  the  tenth  of  an  inch  was 
too  large,  and  the  one-hundredth  too 
small.  The  millimeter  was  as  small  as 
required  for  any  practical  purposes,  and 
it  could  be  subdivided  microscopically 
to  any  extent.  Reference  had  been  made 
to  the  use  of  logarithms,  but  he  wished 
now  to  direct  attention  to  the  mechani- 
cal use  of  logarithms,  to  which,  he  con- 
tended, the  metric  system  lent  itself.  He 
might  raise  a  smile  if  he  referred  to  the 
slide  rule,  because  people  generally 
thought  of  the  dirty,  black,  greasy  thing 
which  the  fitter  carried  in  his  pocket  and 
did  not  know  how  to  use;  the  slide  rule 
there  was  in  the  wrong  place  ;  the  fitter 
did  not  want  it,  and  the  proper  place  for 
it  was  in  the  office.  It  was  little  used 
in  England,  and  one  of  the  reasons 
for  that  was  the  complicated  English 
system,  or  combination  of  systems,  of 
weights  and  measures.  In  France,  one 
of  the  improved  forms  of  the  slide  rule 
was  found,  he  had  been  informed,  on  al- 
most every  engineer's  desk ;  in  electrical 
engineering  it  was  very  largely  employed. 
Two  of  the  largest  electrical  establish- 
ments in  England  used  one  or  other 
form  of  the  slide  rule,  or  the  logarithm 


slide,  to  a  great  extent.  He  therefore 
claimed  that  the  metric  system,  being  a 
decimal  system,  which  allowed  every  cal- 
culation to  be  checked  readily  by  the 
slide  rule,  possessed  a  substantial  advan- 
tage. Many  persons  thought  this  instru- 
ment a  trivial  affair,  but  only  a  practical 
acquaintance  with  it  would  enable  them 
to  form  a  sound  judgment  as  to  its 
merits. 

Mr.  H.  J.  Chaney  thought  it  was  de su- 
able, in  order  to  facilitate  discussion,  to 
separate  the  question  of  weights  and 
measures  from  that  of  money.  The 
money  aspect  was  no  doubt  very  inter- 
esting, but  experience  had  shown  that  the 
question  of  the  introduction  of  a  new 
system  of  weights  and  measures  could 
be  best  considered  by  itself.  The  sub- 
ject under  discussion  was  not  that  of 
decimalizing  weights  and  measures,  or  in- 
troducing a  decimal  system  of  money, 
but  the  desirability  of  introducing  the 
metric  system,  which  was  not  only  deci- 
mal, but  binary.  He  supposed  that  few 
persons  who  had  much  acquaintance  with 
the  present  system  of  weights  and  meas- 
ures would  admit  it  to  be  the  best  that 
could  be  provided.  The  metric  system, 
per  se,  was  by  far  the  most  convenient ; 
but  then  the  inconvenience  of  making  a 
change  which  would  so  largely  affect  the 
daily  transactions  of  life  had  to  be  con- 
sidered. The  discussion,  he  thought 
should  deal  with  the  difficulties  in  the 
way  of  such  a  change.  The  question  of 
the  comparative  advantages  of  the  met- 
ric and  British  Imperial  systems  had 
been  well  thrashed  out.  Reference  had 
been  made  to  the  Standing  Orders  re- 
quiring that  all  scales  should  be  accord- 
ing to  Imperial  measure,  as  4  inches  to 
the  mile,  and  he  would  suggest  for  con- 
sideration the  nearest  form  of  metric 
equivalent.  Besides  4  inches  to  the 
mile,  the  Standing  Orders  might  also 
permit  a  scale  of  65  millimeters  to  the 
kilometer.  Buildings,  also,  were  to  be 
drawn  to  an  enlarged  scale,  of  not  less 
than  £  inch  to  every  100  feet ;  for  that 
scale  there  might  also  be  permitted  a 
scale  of  7  millimeters  to  every  30  meters. 
Sections  might  be  given  to  a  scale  of  1 
millimeter  in  every  1,200  millimeters,  or 
in  every  12  decimeters,  as  well  as  to  a 
scale  of  1  inch  to  every  100  feet.  Quan- 
tities might  be  allowed  to  be  given  in 
meters  and  parts  of  a  meter,  as  well  as 


A   COMPARISON"   OF   BRITISH   AND   METRIC   MEASURES. 


247 


in  yards,  feet,  decimal  parts  of  a  foot, 
and  inches.  Distances  might  be  per- 
mitted to  be  expressed  in  kilometers  and 
meters,  as  well  as  in  miles,  furlongs, 
•chains,  poles,  yards  and  feet. 

Mr.  W.  Walton  Williams  said  he  did 
not  think  it  was  necessary  to  choose  im- 
mediately between  the  two  systems.  En- 
gineers before  tying  themselves  down  to 
the  metric  system,  ought  to  consider 
whether  it  could  be  in  any  way  improved. 
According  to  French  engineers  the  met- 
ric system  was  absolute  perfection,  and 
Englishmen  were  a  set  of  idiots  for  not 
adopting  it.  He  had  been  obliged  to  use 
the  metric  system  for  many  years  abroad, 
and  he  desired  to  point  out  two  or  three 
disadvantages  connected  with  it,  in  the 
liope  that  they  might  be  remedied.  No 
man  could  step  a  long  distance  in  meters. 
He  had  seen  French  engineers  try  to  do 
so  ;  they  could  step  100  meters,  but  if 
the  distance  was  400  or  500  meters,  they 
would  reckon  every  step  to  be  90  centi- 
meters, equivalent  to  the  English  yard. 
The  author  had  stated  that  the  meter 
was  the  right  length  for  a  measure,  but 
Mr.  Williams  contended  that  no  man 
could  measure  with  it  easily.  The  eye 
subtended  an  angle  of  60°,  so  that  a 
inan's  arms  ought  to  be  a  meter  long  to 
be  able  to  see  both  ends  of  the  meter 
rule.  The  author  had  stated  that  a  work- 
man could  measure  with  a  meter  rule  in 
two-thirds  of  the  time  required  with  a 
two-foot  rule.  That  he  denied  from  his 
experience  of  foreign  workmen,  who,  with 
a  meter  measure,  were  generally  longer 
and  less  accurate  measuring  than  Eng- 
lishmen with  a  two-foot  rule;  besides 
which  the  foreigner  generally  called  in 
another  workman  to  put  a  mark  at  the 
end.  The  French  themselves  did  not  ad- 
mit that  the  meter  was  absolutely  the 
best  unit  of  length,  for  any  one  going  in- 
to a  draper's  shop  would  find  that  a  half- 
meter  and  not  a  meter  measure  was  gen- 
erally used ;  the  demi-kilo  was  frequent- 
ly used  for  weight,  and  the  customer 
might  be  heard  asking  for  "  Le  quart 
d'un  demi-kilo."  With  reference  to  lev- 
eling, it  did  not  make  much  difference 
theoretically  whether  engineers  divided 
a  foot  or  a  meter  by  the  decimal  sys- 
tem, except  that  they  could  frequently 
see  the  foot  mark  on  a  staff,  when  they 
could  not  see  the  meter  mark.  He  had 
known  instances  in  which  a  mistake  had 


been  made  of  a  whole  meter,  because  a 
man  would  not,  or  did  not,  lift  up  the 
staff  the  required  distance.  If  a  French 
staff  with  a  disk  were  used  it  would  be 
different,  but  where  the  staffman  moved 
the  disk  up  and  down,  it  had  to  be 
brought  each  time  to  be  verified,  so  that 
the  time  was  doubled.  With  regard  to 
drawings,  if  they  were  made  to  a  scale 


of 


or  even  -j-gVo  it  did  not 


1  0  0  0  0'  ToUo1 

matter  whether  feet  or  meters  were  used. 
In  drawing  to  a  larger  scale,  1  inch  to 
the  foot,  the  English  TV  corresponded  to 
the  French  TV ;  but  to  vary  it  the  Eng- 
lishman could  go  from  1  inch  to  1^  inch, 
or  to  J  of  an  inch,  while  the  Frenchman 
would  have  to  go  up  to  -J-  or  down  to  ¥^. 
It  had  been  said  that  -^  of  an  inch  was 
an  absurd  scale.  Possibly,  but  it  was-g-1^ 
of  a  foot,  and  64  was  kl  multiplied  by  it- 
self five  times.  To  put  -£±  of  a  meter 
into  decimals,  six  places  of  decimals 
would  be  required.  He  did  not  say  that 
engineers  ought  not  to  adopt  the  metric 
system,  but  they  should  not  be  absolute- 
ly tied  down  to  it  as  it  at  present  ex- 
isted. It  was  their  duty  to  improve  it, 
if  possible,  according  to  the  saying  al- 
ready quoted:  Les  Francais  inventent, 
mais  les  Anglais  perfectionnent."  He 
wished  to  address  a  few  words  to  those 
who  were  in  the  habit  of  preparing 
drawings  for  foreign  works.  He  had  had 
many  such  drawings  sent  out  from  Eng- 
land, and  they  had  been  usually  drawn  to 
an  English  scale,  and  the  dimensions  in- 
serted in  meters.  When  a  Spanish  stone- 
mason or  an  Italian  carpenter  saw  such 
drawing  he  was  puzzled,  and  fresh  ones 
had  to  be  prepared  for  his  use.  To  those 
who  were  in  the  habit  of  using  the  1-inch 
or  11  inch  scale,  rV  was  not  convenient, 
but  he  thought  that,  considering  the  im- 
mense number  of  drawings  going  abroad 
for  foreign  work,  a  little  sacrifice  ought 
to  be  made  in  order  to  adapt  them  to  the 
metric  system,  even  if  that  system  were 
not  generally  adopted  in  this  country. 

Mr.  W.  H.  Thelwall  remarked  that  he 
had  used  both  the  metric  and  the  Eng- 
lish systems  for  nearly  twenty  years,  and 
although  he  was  not  frightened  at  the 
metric  system,  he  was  decidedly  of  opin- 
ion that  the  English  was  much  more  con- 
venient in  all  matters  of  civil  engineer- 
ing. The  author  had  not  given  any 
statement  of  the  relative  times  taken  to 
do  various  works.     He  had  said  that  a 
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French  workman  could  measure  planks 
in  two-thirds  of  the  time  occupied  by  an 
English  workman,  but  if  that  statement 
was  to  be  of  any  value  it  ought  to  be 
supported  by  actual  experiment.  He 
fully  agreed  with  what  had  been  urged  by 
Mr.  Walton  Williams  that  the  meter  was 
inconveniently  long  for  accurate  measure- 
ment. The  author's  statement  with  re- 
gard to  leveling  was  much  too  vague  to 
be  of  any  practical  value,  since  it  con- 
tained no  account  of  the  time  saved.  Ac- 
cording to  his  own  experience,  French 
engineers  were  not  satisfied  with  work- 
ing to  centimeters,  but  even  in  trial 
sections  ^ver  rough  ground  worked 
to  millimeters.  In  the'  case  of  sec- 
tions of  railways,  the  ground  and  forma- 
tion levels  and  the  heights  and  depths 
of  cuttings  and  banks  had  been  all 
worked  out  to  millimeters,  requiring 
three  places  of  decimals  instead  of  two, 
which  was  a  serious  matter.  Referring 
all  measures  to  the  meter  involved  the 
use  of  a  much  larger  number  of  figures 
than  the  English  system.  He  had  copied 
some  dimensions,  that  he  had  recently 
met  with  in  a  French  publication,  of  a 
tramway  locomotive.  The  diameter  of 
the  cylinder  was  0.220  m.,  in  English 
measure  it  would  be  9  inches ;  the  stroke 
of  the  piston  was  0.350  m.,  in  English  it 
would  be  14  inches ;  the  weight,  empty, 
was  11,000  kilograms,  in  English,  11 
tons ;  the  weight,  running,  13,000  kilo- 
grams, in  English  13  tons ;  the  heating 
surface,  18.90  square  meters,  in  English, 
203  square  feet.  Thus,  there  were  twen- 
ty-two figures  in  French,  and  only  ten  in 
English,  measure.  Take  another  instance, 
that  of  the  strains  and  weight  of  a 
wrought -iron  pillar,  having  a  load  of  25 
square  meters  of  flooring  weighing  6,600 
kilograms  per  square  meter.  25  x  6,600 
=  165,000  kilograms.  The  area  of  the 
pillar  was — 

Web 450  x  12  =  5,400  sq.  millimeters. 

4  plates 500  x  12  =24,000  "  " 

Wangles I_00xl00=  „ 

&  12 

4      "     _80x80_=  6000  u 

10 

Total....  44,000 

Load  per  sq.  millimeter 1 —  =3.7  kilograms. 

44,000  * 

In  English  measures  the  above  would  be, 
load  of  270  square  feet  of  flooring  weigh- 


ing 0.6  ton  per  square  foot =270x0.6  = 
162  tons.  The  area  of  the  pillar  would 
be— 

Inches.         Inches.  Inch.  Sq. 

Inches. 

Web 18  X  i  =         9 

4  plates 19  x  £  =38 

4  angles 4  x  4  x       £      =      15 

4       "     3  x  3  x       |      =        8- 

Total. ...  70 

Load  per  square  inch  =  y/  2.32  tons. 

Such  examples  might  be  multiplied  in- 
definitely. They  had  not  been  made  up 
for  the  purpose  of  showing  comparisons 
unfavorable  to  the  metric  system,  but 
were  fair  samples  taken  at  random  from, 
actual  French  practice,  and  converted 
into  the  corresponding  English  figures. 
Again,  such  things  as  diameters  of  pipes 
were  measured  by  200  millimeters,  150 
millimeters,  and  so  on,  the  English 
equivalent  for  which  would  be  8  inches 
and  6  inches.  It  frequently  happened 
that,  in  the  French  system,  three  figures 
were  used  instead  of  one  ;  and  when  in 
taking  out  quantities  the  figures  had  to 
be  multiplied,  the  difference  was  very 
serious.  If  the  author  really  considered 
that  there  was  a  saving  of  time  by  the 
metric  system,  he  ought  to  have  given  an 
example,  such  as  the  estimate  of  work,  or 
the  calculations  and  quantities  in  a  large 
iron  bridge  properly  worked  out  by  both 
the  metric  and  the  English  systems,  and 
not  the  long  sum  in  the  Appendix, 
which  could  be  computed  with  less  than 
half  the  number  of  figures  given.  He 
was  convinced  that  the  more  acquaintance 
English  engineers  had  with  the  practical 
working  of  the  metric  system,  the  less 
disposed  they  would  be  to  exchange  their 
own  for  it. 

Mr.  W.  Airy  thought  that  the  author 
had  somewhat  mixed  up  two  very  differ- 
ent matters,  the  metrical  unit  and  the 
decimal  system,  which  ought  to  be  kept 
distinct.  It  appeared  to  him  that  the 
best  unit  was  that  which  the  experience 
of  people  had  decided  to  be  the  best  for 
the  greatest  number  of  measurements. 
For  the  great  bulk  of  measurements — 
those  relating  to  building,  construction, 
and  manufacturers  generally — the  meter 
could  not  be  used  without  subdivision, 
and  it  was  therefore,  in  his  opinion,, 
wholly  unfit  for  the  unit  for  such  meas- 
urements. That  was  proved  by  the  fact 
that,  in  England,  where  the   people  had 
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the  choice  both  of  the  yard  and  the  foot 
— and  the  yard  for  that  purpose  might 
be  considered  as  comparable  with  the 
meter — for  the  great  bulk  of  their  meas- 
urements they  used  the  foot,  and  not  the 
yard.  He  thought  it  would  hardly  be 
denied  that  the  foot  was  the  real  unit  of 
tbe  English  people.  The  meter  was 
much  too  long  a  unit  for  the  ordinary  af- 
fairs of  life ;  and  even  in  France,  the 
headquarters  of  the  meter,  there  were 
cases  in  which  the  French  still  used  the 
foot.  In  Sweden  and  Norway  also,  as 
well  as  in  other  countries  professing  to 
use  the  metric  system,  the  foot  was  em- 
ployed for  a  variety  of  purposes.  He 
thought  there  could  be  no  doubt  that  the 
decimal  subdivisions  of  the  unit,  what- 
ever it  might  be,  afforded  great  facilities 
for  calculation ;  and  therefore  for  all 
those  measures,  or  classes  of  measures, 
which  involved  frequent  or  complex  cal- 
culations, great  advantages  would  be  de- 
rived from  the  adoption  of  that  method. 
It  would,  for  example,  be  a  great  advan- 
tage to  subdivide  the  foot  into  10  inches, 
and  the  inches  into  tenths,  and  he 
thought  that  such  a  change  would  be  ac- 
ceptable to  the  country  at  large  ;  but  for 
all  measures  referring  to  articles  of  con- 
sumption, he  believed  the  binary  system, 
which  was  much  more  simple  to  unedu- 
cated people  than  the  decimal  system, 
had  a  firm  hold  upon  the  people,  which 
it  would  be  impossible  to  shake.  The 
author  would  have  done  well  to  have 
made  some  mention  of  the  case  of  Rus- 
sia, which,  long  after  the  metric  system 
was  fairly  established  in  central  Europe, 
had  occasion  to  set  her  standards  in 
order,  and  after  due  consideration  had 
adopted  the  English  foot  as  the  unit, 
altering  the  national  measures  so  as  to 
form  exact  multiples  of  it. 

Mr.  E.  B.  Hanson  said  he  thought  that 
the  sum,  given  in  the  duodecimal  system, 
ought  to  have  been  worked  by  duodeci- 
mals and  not  by  decimals.  In  answer  to 
Mr.  Airy,  it  would  be  sufficient  to  say 
that  the  standard  yard  was  divided  into 
feet,  of  which  1  foot  was  divided  into  12 
inches,  and  so  the  foot  formed  part  of 
the  standard.  The  author  had  found 
fault  with  engineers  for  measuring  with  a 
two-foot  rule,  and  afterwards  asked  them 
to  measure  with  a  20  meter  chain,  which 
was  hardly  consistent.  He  then  spoke 
of  "  live-sixteenths  full,"  or  "  bare  three- 


eighths,"  as  if  they  were  the  same  thing. 
Mr.  Hanson  had  always  understood  that 
if  there  was  a  hole  of  exactly  three- 
eighths  diameter,  the  cylinder  which 
would  fit  into  it  would  be  a  "  bare  three- 
eighths,"  and  vice  versa.  He  did  not 
think  that  any  brickwork  or  any  engi- 
neering work  was  measured  in  rods  now  ; 
he  believed  it  was  always  measured  in 
cubic  yards.  A  scale  -^  inch  to  a  foot 
was,  he  believed,  one  of  the  best.  It 
came  near  to  five  feet  to  the  inch,  and  it 
had  the  advantage  that  it  was  a  fractional 
part  of  1£  inch  to  the  foot,  which  was  so 
useful  a  scale  to  the  carpenter,  inasmuch 
as  -A-  inch  on  his  rule  represented  an  inch. 
Ordinary  working  plans  for  railways  and 
so  on  were  plotted  with  the  horizontal 
scale  2  chains,  and  the  vertical  scale  20 
feet  to  an  inch  respectively.  There  was 
not  the  slightest  difficulty  in  passing 
from  one  to  the   other.     The    same  scale 

:  did  for  both,  whereas  with  tbe  metric 
system  two  scales  would  be  necessary  to 
measure  by,  and  there  would  be  a  con- 
stant changing.  If  parliamentary  de- 
posited plans  were  plotted  in  meters, 
farmers  and  others  would  be  wanting  to 
know  how  many  square  meters  there 
were  in  an  acre.  They  did  not  reckon  by 
meters,  and  it  would  take  years  to  make 
them  do  so.  When  he  was  in  Paris  during 
the  Exhibition  of  1878,  he  went  with  a 
brother  engineer  to  visit  some  shops  where 
several  young  artisans  were  being  taught 
under  the  French  Government,  and  he  was 
much  astonished  to  find  that  thej'  were 
using  the  two-foot  rule,  and  also  using 
English  names  for  the  various  tools.  On 
asking   the  reason,  he  was  told   that  it 

i  was  found  to  be  so  much  more  conve- 
nient. In  some  shops  in  England  where 
a  large  number  of  Germans  were  em- 
ployed, machines  had  been  constructed 
partly  in  millimeters  and  partly  in 
inches.      Pulleys    and     things     of    that 

i  sort  were  generally  measured  in 
inches,  and  the  smaller  parts  in  millime- 
ters. Considering  that  the  meter  was 
introduced  into  France  forty-five  years 
before  it  was  properly  legalized,  before 
railways  were  made,  and  before  engineer- 
ing works  assumed  their  present  import- 
ance, the  time  it  would  take  to  introduce 
it  into  England  now  could  hardly  be 
estimated.  There  were  certain  standards 
in  England  which  might  be  considered  as 
hard  and  fast.      The  railway  gauge  was 
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one  of  them,  and  it  could  never  be 
altered.  The  measurement  of  4  feet  8£ 
inches  looked  well  enough  as  it  was,  but 
in  the  new  system  it  would  be  1.435  m. 
There  was  also  a  standard  measurement 
of  bricks.  If  the  metric  system  were 
introduced,  he  supposed  that  bricks 
would  be  made  J  meter  long.  A  trial 
had  been  made  of  bricks  10  inches  by  5 
inches  by  3  inches,  but  they  had  not  suc- 
ceeded, and  he  believed  the  use  of  them 
had  ceased. 

Mr.  L.  F.  Vernon  Harcourt  said  there 
could  be  no  doubt  that  scientifically  the 
metric  system,  in  which  the  weights  and 
measures  were  connected,  and  arranged 
according  to  a  definite  plan,  was  better 
than  the  English ;  but  there  were  some 
disadvantages  in  it  which  ought  not  to 
l>e  overlooked.  The  meter,  being  a 
larger  unit  than  a  foot,  required  more 
subdivision  to  measure  small  dimensions, 
and  was  less  well  adapted  for  leveling 
than  feet  and  decimals  of  a  foot.  The 
constant  use  of  decimals,  moreover,  in 
the  metric  system,  led  to  the  abandon- 
ment of  fractions  and  proportions,  which 
had  a  distinct  value  of  their  own  in  cer- 
tain cases.  Errors,  for  instance,  were 
more  liable  to  occur  when  gradients 
were  expressed  in  decimals,  such  as 
0.00125  and  0.000333,  instead  of  as  1  in 
800  and  1  in  3,000  ;  and  T3¥  and  -^ J  w, 
were  simpler  modes  of  expressing  these 
proportions  than  0.1875  and  0.000016. 
In  a  string  of  noughts  after  the  decimal 
point,  one  of  them  was  very  liable  to 
be  omitted,  or  the  decimal  point  itself 
might  be  readily  misplaced,  causing  in 
either  case  a  tenfold  error.  Also  frac- 
tions were  expressed  more  shortly  in 
words,  and  were  consequently  more 
easily  remembered  and  repeated  than 
decimals,  where  each  digit  had  to  be 
separately  named ;  and  the  use  of  com- 
mas for  marking  off  the  thousands,  which 
greatly  facilitated  the  reading  of  figures, 
could  not  be  employed  for  decimals.  The 
author  had  stated  that  scales  for  draw- 
ings were  much  better  represented  by 
the  French  than  by  the  English  system, 
and  Mr.  Vernon-Harcourt  had  therefore 
taken  the  trouble  of  looking  out  a  few 
scales  given  in  some  French  engineering 
works,  of  which  the  following  were  in- 
stances of  those  occasionally  adopted; 
namely,  0.06667  m.  per  kilometer,  0.00143 
m.  per  meter,   0.004165  m.  per  100  me- 


ters, 0.0104  m.  per  meter,  and  0.0278  m. 
per  kilometer.  Those  figures,  he  thought, 
would   be    sufficient    to   show   that   the 
French  scales  were  not  always  so  simple 
as  some  persons    imagined.      No  doubt 
a   reform   might   be  introduced,  and   it 
would  be  a  great  advantage  in  all  engi- 
neering  literature   to   have    scales    that 
would  be  comparable.      He  had  himself 
tried  to  introduce  such  scales  in  the  form 
of  definite  simple  fractions  of  the  natural 
size.     In  the  illustrations  for  a  book  very 
shortly  to  be  published,  he  had  managed 
to   make  two    hundred   and  twenty-five 
figures  to  nine  scales,  all  of  these  scales 
being  multiples,  or  parts  of  one  another, 
ranging    between    one  thirty- thousandth 
and  one  hundredth  of  the  full  size  ;   so 
that  it  was  possible  to  compare  the  vari- 
ous plans  together.     As  to  the  statement 
with  reference  to  calculation,  he  felt  sure 
that  any  one  who  had  worked  with  Bid- 
der's  tables   for   getting   out  earthwork 
could  do  so  more  quickly  that  way  than 
by  any  other  method.     The  author  had 
stated  that  in  the  case  of  English  meas- 
urements, bushels,  and  cubic  yards  were 
used.     When  inspecting  works  in  France 
he  had  frequently  asked  for  the  propor- 
tions of  cement  or  lime  employed  in  con- 
crete or  mortar,  and  he  was  always  told 
that  there  were  so    many   kilos   to   the 
cubic   meter;    so    that   in   that    respect 
there    was   not   much   advantage  in  the 
French  system  over  the  English.     If  the 
new  system  were  adopted  in  parliament- 
ary plans,  especially  if  some  plans  were 
figured  in  meters  and  others  in  the  ordi- 
nary English  dimensions,  both  witnesses 
and  the  legal  profession  would  be  much 
puzzled.      It   was   questionable  whether 
the     advantage    in     consulting    foreign 
books,  that  would  accrue  from  the  adop- 
tion of  the  metric  system,  would  for  a 
long  time  counterbalance  the  loss  result- 
ing  from   the  different   notation   of  the 
whole  existing  British  and  American  en- 
gineering literature.     Much  of  this  litera- 
ture,  including   the   eighty   volumes   of 
Minutes  of  Proceedings  of  the  Institu- 
tion, could  not  be  reproduced  with  met- 
ric measures  ;  and  the  necessary  altera- 
tions  in   the  Ordnance   survey  and   the 
Admiralty  charts  would  involve  a  large 
expenditure.     If  the  metric  system  were 
introduced    it    would    simplify    calcula- 
tions ;    but,   in    making   the   change,    it 
would  be  necessary  to  take  into  account 
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all  the  English-speaking  communities, 
and  a  conference  would  be  required  in 
order  to  arrive  at  a  consensus  of  opin- 
ion. A  common  system  of  weights  and 
measures  would  be  of  very  great  value. 
The  discussion,  however,  had  indicated 
that  much  could  be  urged  on  both  sides 
of  the  question  ;  and  unless  the  balance 
of  advantage  proved  greatly  in  favor  of 
the  change,  the  present  generation  could 
hardly  be  forced  to  incur  great  inconve-' 
nience  for  the  possible  benefit  of  poster- 
ity. The  change,  if  made,  should  be 
gradual,  with  the  concurrent  use  for  some 
time  of  both  systems,  and  aided  by  elab- 
orate conversion  tables.  Moreover,  in 
such  a  matter,  Great  Britain  could  not 
be  regarded  merely  as  a  European  power, 
and  the  metric  system  would  have  to  be 
adopted  also  simultaneously  by  the  Col- 
onies and  the  United  States  if  any  real 
benefit  was  to  be  gained. 

Mr.  J.  W.  Barry  agreed  with  Mr.  Airy 
that  the  meter  was  far  too  large  a  unit 
for  practical  work.  Some  portion  of  his 
early  life  having  been  passed  in  measur- 
ing up  work  with  quantity  surveyors,  he 
could  bear  out  the  statement  that  in  no 
case   was    the  yard  used  as  the  unit  of 


measurement,  and  in  the  case  even  of 
large  dimensions,  the  foot  was  universal- 
ly employed.  He  could  by  no  means 
adopt  the  recommendation  of  Mr.  Airy, 
that  the  foot  should  be  divided  into  ten 
parts.  It  was  a  very  great  advantage 
that  it  was  divided  into  twelve  parts.  Any 
one  who  had  had  much  practical  work 
would  know  the  advantage  of  being  able 
to  divide  the  foot  by  two,  three,  four  and 
six.  The  decimal  system  was  compara- 
tively useless  to  a  man  who  had  to  work 
with  his  hands,  or  for  mental  calcula- 
tions, and,  moreover,  absolute  correct- 
ness could  not  in  many  cases  be  obtained 
by  it.  By  the  duodecimal  system  abso- 
lute correctness  could  always  be  ob- 
tained. Very  often  a  measurement  was 
required  which  had,  perhaps,  to  be  after- 
wards multiplied  many  hundreds  of 
times,  and  if  there  was  a  small  fraction 
wrong  in  the  original  measurement  it 
might  result  in  a  serious  error.  The 
change  from  the  duodecimal  to  a  decimal 
system  would,  in  his  opinion,  be  a  retro- 
grade movement.  He  thought  nothing 
was  to  be  gained  by  discarding  duodeci- 
mals, and  would  say,  in  the  words  of 
Lord  Melbourne,  "  Why  cannot  you  let  it 
alone  ? '' 


COMBUSTION  UNDER  PRESSURE. 

From  "  The  Engineer." 


The  conditions  determining  the  eco- 
nomical efficiency  of  steam  boilers  are  so 
complex  thai  they  defy  the  theorist.  It 
is  quite  possible  to  lay  down  certain  pre- 
mises and  deduce  from  them  that  the  ef- 
ficiency of  a  steam  generator  cannot  be 
greater  than  a  given  maximum,  and  this 
deduction  will  be  true ;  but  it  is  quite  im- 
possible to  say  what  is  the  minimum  be- 
low which  the  efficiency  of  the  boiler,  ex- 
pressed in  terms  of  pounds  of  water  evap- 
orated by  a  pound  of  coal,  cannot  fall. 
Between  the  worst  and  the  best  possible 
performance  there  is  a  wide  tract,  and  it 
is  in  this  tract  that  the  engineer  finds  at 
once  a  field  for  his  labors,  and  puzzles 
which  he  can  only  solve  with  difficulty. 
At  the  present  moment  the  improvement 
of  the  marine  boiler  is  a  prominent  topic, 
of  conversation,  at  least,  with  marine  en- 


gineers and  shipowners.  Hitherto  it 
seems  that  in  only  one  direction  is  econ- 
omy being  sought,  namely,  in  the  adop- 
tion of  forced  draught.  We  venture  to 
think,  however,  that  there  are  more  ways 
than  this  in  which  the  economic  efficiency 
of  boilers  may  be  improved. 

There  can  be  no  doubt  that  the  relative 
dimensions  of  grate  surface,  tube  surface, 
and  calorimeter  area — that  is  to  say,  the 
cross-section  of  the  tubes — play  a  very 
important  part  in  determining  the  effi- 
ciency of  the  boiler.  Numbers  of  in- 
stances of  this  may  be  cited.  Not  less 
important  is  a  point  to  which  little  atten- 
tion is  paid,  namely,  the  thickness  of  the 
fires.  That  is  a  matter  left  to  the  stokers, 
and  settled  without  any  reference  to  the 
peculiarities  of  the  coal.  Yet  turning  to 
the  Wigan  experiments  made  in  1867,  we 
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said  that  the  reporters,  Mr.  Thomas 
Richardson,  M.  A.,  and  Mr.  Lavington 
Fletcher,  say :  "  The  thickness  of  the  fuel 
on  the  grates  has  proved  to  be  an  import- 
ant element  in  the  proper  management  of 
north-country  coals.  We  have  tried  9  in., 
12  in.,  and  14  in.  fires,  and  in  all  instances, 
whatever  were  the  other  conditions,  the 
greater  the  thickness  of  the  fires  the  more 
speed  and  power  were  obtained  from  the 
coals."  To  illustrate  this  we  may  add 
that  "  Great  7  ft."  coal  with  9  in.  fires 
evaporated  9.779  lbs.  of  water  per  pound 
of  coal,  at  the  rate  of  48  cubic  feet  per 
hour,  while  the  same  coal  with  14  in.  fires 
evaporated  10.494  lbs.  at  the  rate  of  53.3 
cubic  feet  per  hour.  "  Black  rod  yard," 
with  9  in.  fires,  evaporated  10.236  lbs.  at 
the  rate  of  44.74  cubic  feet,  and  with  14 
in.  fires,  11.057  lbs.  at  the  rate  of  45.36 
cubic  feet  per  hour.  It  is  sometimes  as- 
sumed that,  with  a  small  grate  a  thick 
fire  must  be  carried,  or  the  required  quan- 
tity of  coal  cannot  be  burned  in  a  given 
time ;  but  this  is  only  partially  true. 
However,  it  is  usually  the  case  in  practice 
that  the  smaller  the  grate  the  heavier  is 
the  fire. 

Concerning  calorimeter,  there  is  reason 
to  believe  that  it  is  often  too  large.  We 
wish  first,  however,  to  note  an  experiment 
made  years  ago  in  the  United  States,  by 
Isherwood,  to  determine  the  effect  of  vari- 
ous calorimeters  on  the  economic  effi- 
ciency of  a  marine  boiler.  This  investi- 
gation showed  that  when  the  area  of  the 
tube  opening — calorimeter — was  in  the 
ratio  of  1  to  11  of  grate  area,  the  boiler 
evaporated  8.57  lbs.  of  water  per  pound 
of  anthracite,  but  by  reducing  the  calor- 
imeter to  -^  of  the  grate  area,  the  econ- 
omic efficiency  was  increased  by  nearly 
15  per  cent.,  but  the  power  of  the  boiler 
was  greatly  diminished,  because  even  with 
the  aid  of  a  steam  jet,  not  more  than  a 
little  over  5  lbs.  of  coal  could  be  consumed 
per  foot  of  grate  per  hour.  It  is  to  be 
regretted  that  the  experiment  was  not 
pushed  further  with  the  aid  of  a  fan.  It 
appears,  indeed,  to  be  certain  that  the 
calorimeter  which  will  best  suit  a  natural 
draught  is  not  that  best  adapted  to  a 
forced  draught.  For  example,  if  the  ve- 
locity with  which  the  products  of  com- 
bustion are  passed  through  the  tubes,  be 
doubled,  the  quantity  of  air  driven  through 
the  fire  being  doubled,  no  economic  ad- 
vantage can  be  gained,  because   the  hot 


gas  will  not  have  time  to  part  with  its 
heat ;  and  the  proof  that  this  is  the  case 
is  supplied  by  the  tremendous  smoke-box 
temperatures,  from  1100  deg.  to  1300  deg., 
obtained  when  the  forced  blast  is  used. 
There  is  reason  to  think  that  a  direct  and 
considerable  advantage  can  be  gained  by 
burning  fuel  under  pressure.  Why,  is 
by  no  means  clear.  Apparenty,  the  prop- 
er method  of  working  a  boiler  with  forced 
blast  is  to  obstruct  the  smoke-box  end  of 
the  tubes  with  thick  ferrules.  The  gases 
would  rush  through  these  at  a  very  high 
velocity,  while  in  the  rest  of  the  tube 
their  motion  would  be  comparatively  slow, 
and  some  amount  of  whirling  would  be 
set  up  which  would  be  highly  advanta- 
geous. One  of  the  great  defects  of  the 
marine  and  locomotive  boiler  is  that  the 
products  of  combustion  move  in  lines 
parallel  with  the  tubes,  whereas,  under 
all  circumstances,  the  greatest  value  is 
got  out  of  heating  surfaces  when  the  hot 
gases  strike  them  at  right  angles.  In  no 
case,  however,  can  too  much  care  be  taken 
to  break  up  the  products  of  combustion 
and  mix  them,  so  that,  as  Peclet  has  shown, 
hot  and  cold  layers  may  not  be  formed. 
The  marine  boiler  is  fairly  well  designed 
in  this  respect,  because  the  combustion 
chamber  serves  as  a  mixing  chamber  be- 
fore the  gas  enters  the  flues.  There  is 
reason  to  think,  however,  that  a  type  of 
boiler  much  used  in  the  United  States, 
and  in  a  modified  form,  by  Mr.  Holt,  of 
Liverpool,  is  better  adapted  for  forced 
combustion  than  is  the  ordinary  boiler. 
In  the  boiler  we  refer  to,  the  products  of 
combustion  first  pass  away  to  the  com- 
bustion chamber  through  a  number  of 
tubes  about  12  in.  in  diameter,  the  ordi- 
nary 3£  in.  or  4  in.  tubes  returning  above 
them  and  the  furnace  in  the  ordinary  way. 
It  is  held,  we  know,  that,  space  for  space, 
this  boiler  is  not  so  powerful  as  the  ordi- 
nary type,  but  it  must  not  be  forgotten 
that  one  result  of  working  with  forced 
draught  will  be,  other  things  being  equal, 
to  augment  the  absolute  as  well  as  the 
economic  efficiency  of  steam  generators  j 
so  that  the  objection  just  stated  seems 
to  fall  to  the  ground. 

It  is  much  to  be  desired  that  some  com- 
petent firm  shall  carry  out  a  series  of  ex- 
periments on  the  influence  of  the  calor- 
imeter, or,  more  exactly,  on  the  value  of 
combustion  under  pressure.  There  would, 
for  example,  be  no  difficulty  in  burning 
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fuel  under  a  pressure  of  4  lbs.,  or  even  10 
lbs.,  on  tbe  square  inch.  The  conditions 
necessary  are,  sufficiently  powerful  blow- 
ing machinery  and  a  very  small  calorime- 
ter, obtained  by  the  use  of  annular  stop- 
pers or  tompions  in  the  tubes.  Of  course, 
we  do  not  advocate  the  use  of  such  air  press- 
ures as  we  have  just  named,  at  least,  with- 
out due  inquiry. because  there  is  some  point 
beyond  which  the  work  spent  in  compress- 
ing the  air  would  cost  more  than  the  ad- 
vantage gained.  The  principal  benefit  to 
be  obtained  would,  we  believe,  be  perfect 
combustion.  Mr.  Otto  has  shown  that, 
in  his  gas  engine  he  can  explode  mixtures 
of  gas  and  air  so  diluted  that  combustion 
could  not  be  effected  at  atmospheric  press- 
ure. This  is  done  by  compressing  the 
dilute  mixture  to  about  30  lbs.  on  the 
square  inch.  At  high  furnace  temperatures 
it  is  indisputable  that  there  is  a  strong 
tendency  to  dissociation  manifested,  and 
this  is  probably  one  reason  why  much 
carbonic  monoxide  escapes  unconsumed 
with  an  unusual  waste  of  fuel.  Burned 
under  pressure,  it  is  more  than  probable 
that  the  union  of  the  o-ases  would  be  more 


readily  affected,  and  one  most  important 
|  result  would  be.  no  doubt,  that  the  total 
|  quantity  of  air  admitted  to  the  fire  might 
|  be  freely  reduced.     It  is  not  indeed  im- 
!  possible  that  complete  combustion  might 
|  be  effected  with  as  little  as  15  lbs.  of  air  per 
!  pound  of  coal,  instead  of  the  24  lbs.  or  25 
|  lbs.  now  found  necessary.    It  may  be  laid 
;  down,  however,  that  concerning  the  value 
I  of  combustion  under  pressure  for  steam 
I  generation,  we  are  quite  in  the  dark  ;  the 
|  only  thing  that  can  be  said,  as  far  as  prac- 
I  tice  is  concerned,  being  that  ail  the  indi- 
!  cations  are  favorable  in  a  high  degree  to 
I  the   adoption    of   the   system.      Perhaps 
j  some  of  the  engineers  now  interested  in 
I  forced    combustion   will    push   their    in- 
|  quiries  a  little  further.     The  cost  of  an 
experiment  would  be  very  small.     An  or- 
dinary portable  boiler  with  a  closed  ash- 
pan,  very  thick  ferrules  in  the  smoke-box 
ends  of  the  tubes,  a  Root's  blower,  and  a 
tank  to  measure  the  water  pumped  into 
the  boiler  would  suffice.    For  a  very  mod- 
erate outlay  in  this   way  a  great   deal  of 
i  very  valuable  information  might  be  ob- 
I  tained. 


BALATA. 

From  the  "Journal  of  the  Society  of  Arts." 


In  the  Journal  of  the  Society  of  Arts 
for  November  20th,  1863,  a  list  of  sub- 
jects for  premiums  was  published, 
amongst  which  was  one  u  For  any  new 
substance  or  compound  which  may 
be  employed  as  a  substitute  for  india- 
rubber  or  gutta-percha  in  the  arts  and 
manufactures.''  This  was  responded  to 
in  the  Journal  for  February  26th,  and 
March  4th,  1864,  a  letter  being  published 
in  the  latter  from  Sir  William  Holmes, 
from  British  Guiana,  advising  the  des- 
patch to  the  Society  of  a  box  containing 
samples  of  balata,  both  in  the  fluid  or 
milky,  as  well  as  in  the  dried  or  coagu- 
lated state.  In  the  letter  referred  to,  Sir 
William  Holmes  speaks  of  the  small  speci- 
men which  was  exhibited  in  the  Interna- 
tional Exhibition  of  1862  as  attracting  a 
considerable  amount  of  attention,  and 
further  says,  so  far  as  he  could  judge, 
balata  was  not  to  be  rivaled  either  by 
india-rubber  or  gutta-percha,  possessing 


"  much  of  the  elasticity  of  the  one,  and 
the  ductility  of  the  other,  without 
the  intractability  of  india-rubber,  or  the 
brittleness  or  friability  of  gutta-percha.'' 
Sir  William  Holmes  further  expressed  a 
hope  that  balata  would,  ere  long,  be  in- 
cluded as  an  important  item  amongst 
the  exports  of  the  colony,  Notwith- 
standing that  this  was  written  as  far 
back  as  1864,  little  or  nothing  has  been 
done  since  towards  making  balata  a  regu- 
lar article  of  import ;  occasional  notice 
has  been  drawn  to  it  from  time  to  time, 
and  the  subject  as  frequently  allowed  to 
drop.  As  a  proof  of  the  truth  of  Sir 
William  Holmes'  statement  as  to  the 
ductility  of  balata,  it  may  be  mentioned 
that  a  sample  of  that  exhibited  in  the 
Exhibition  of  1862,  and  presented  to  the 
Kew  Museum  at  the  close  of  the  Exhibi- 
tion, is  still  in  a  fairly  ductile  state,  and 
shows  no  such  brittleness  as  is  the  case 
with  gutta-percha. 
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In  connection  with  this  subject  of  the 
development  of  balata,  Mr.  G.  S.  Jeninan, 
Government  Botanist,  and  Superintend- 
ent of  the  Botanical  Gardens  in  British 
Guiana,  has  just  drawn  up  a  very  ex- 
haustive report,  the  result  of  which,  it  is 
hoped,  will  be  to  bring  the  substance 
into  a  regular  commercial  channel. 

The  title  of  the  report  is  "Balata  and 
the  Balata  Industry,  Forest  Laws,  &c.,'' 
and  it  commences  with  a  very  interesting 
description  of  the  bullet  tree  region,  in- 
cluding its  inhabitants,  character  of  the 
vegetation,  &c.  Coming  to  the  immedi- 
ate subject  of  the  report,  Mr.  Jen  man  de- 
scribes the  bullet  tree,  from  the  bark  of 
which  balata  is  obtained,  as  a  large  forest 
tree  ranging  from  Jamaica  and  Trinidad 
to  Venezuela  and  Guiana.  He  refers  it 
to  mimusops  balata,  and  says:  "The 
vernacular  name  appears  to  be  applied 
to  two  species  or  sub-species  which  are 
united  by  Grisebach,  in  his  *  Flora  of  the 
British  West  Indies.'  Young  plants  of 
mimusops  globosa,  of  Jamaica  and  Trini- 
dad, growing  in  the  Gardens,  seem  to 
be  distinct  from  the  Guiana  type.  The 
tree  grows  to  a  height  of  120  feet,  and 
has  a  large  spreading  head.  The  trunk 
is  nearly  cylindrical.  The  bark  is  about 
half  an  inch  thick,  with  deep  parallel  fis- 
sures an  inch  or  so  apart.  The  hard 
reddish-colored  wood  is  one  of  the  dens- 
est in  the  colony,  and  is  used  for  all 
sorts  of  purposes  where  great  strength 
and  durability  are  required.  The  tree  is 
more  plentiful  in  both  the  eastern  and 
western  parts  of  this  colony  than  in  the 
intermediate  region.  From  the  east  bank 
of  the  Berbice  river  to  the  Corentyn  is 
the  region  of  its  greatest  plentifulness  in 
the  colony,  but  its  distribution  extends 
still  eastward  beyond  the  Corentyn  into 
Dutch  Guiana,  where  a  grant  of  several 
hundred  thousand  acres  has  recently 
been  acquired  by  an  American  firm  for 
collecting  balata.  The  trees  are  more 
plentiful  in  this  region  in  the  depths  of 
the  forest  than  near  the  rivers,  hence  the 
creeks  form  arteries  to  the  balata 
grounds.  Several  of  the  creeks  on  both 
sides  of  the  Canje  are  instances  of  this. 
The  wood  cutters  of  this  district  regard 
the  tree  as  inexhaustible  ;  in  the  interior 
of  the  forest  it  exists  in  profusion  and 
abundance,  and  lies  beyond  the  reach  of 
the  balata  collectors  as  they  at  present 
conduct  their  operations.     As  the  trees 


near  at  hand  become  exhausted,  they 
will,  no  doubt,  alter  their  habits,  and 
make  clearings  as  drying  places  in  the 
heart  of  the  forest;  but  now  they  are 
under  the  obligation  of  returning  to  the 
settlements  on  the  creeks  with  the  milk 
they  have  collected  to  dry.  Under  this 
necessity  they  can  at  most  only  penetrate 
about  two  days'  journey,  but,  so  far  as 
they  have  explored,  they  report  there  is 
no  diminution  in  the  abundance  of  the 
trees.  The  forest  at  this  depth,  of 
course,  has  never  been  touched  by  wood- 
cutters, as,  for  convenience  in  getting 
their  timber  out,  they  have  to  confine 
their  operations  to  the  banks  of  the 
river  and  creeks,  rarely  going  in  more 
than  a  mile  or  two.'' 

Regarding  the  character  and  value  of 
balata,  Mr.  Jenman  says  its  strength  is 
very  great,  and  as  it  does  not  stretch 
under  tension,  for  special  appliances, 
such  as  bands  for  machinery,  it  is  un- 
equaled.  It  has  recently  been  pro- 
nounced by  an  American  firm  of  manu- 
facturers as  "the  best  gum  in  the 
world." 

Dr.  Hugo  Miiller,  F.  R.  S.,  in  a  report 
on  the  substance  says  :  "  It  seems  that 
balata  is  by  no  means  neglected,  and,  in 
fact,  it  would  find  ready  purchasers  if 
more  of  it  came  to  the  market ;  as  it  is, 
the  supply  is  very  limited,  and  generally 
it  comes  only  once  a  year.  It  commands 
a  higher  price  than  gutta-percha,  and 
this  in  itself  is  a  proof  of  its  urefulness. 
It  is  used  almost  in  all  cases  in  which 
gutta-percha  is  used,  but  on  account  of 
its  higher  price,  only  for  superior  pur- 
poses. It  seems  that  balata  is  treated 
by  the  manufacturers  simply  as  a  superior 
kind  of  gutta-percha,  and,  therefore,  its 
name  disappears  when  manufactured. 
Nevertheless,  balata  is  distinctly  different 
from  gutta-percha,  and  this  is  especially 
manifested  in  some  of  its  physical  char- 
acters ;  for  instance,  it  is  somewhat 
softer  at  ordinary  temperature,  and  not 
so  rigid  in  the  cold. 

"  In  one  respect  balata  shows  a  very 
marked  and  important  difference  from 
gutta-percha,  and  that  is  its  behavior 
under  the  influence  of  the  atmosphere, 
whilst  gutta-percha,  when  exposed  to 
light  and  air,  soon  becomes  altered  on 
the  surface,  and  changed  into  a  brittle 
resinous  substance,  into  which  the  whole 
of  the  mass   is    gradually   converted  in 
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the  course  of  time.  Balata,  on  the  other 
hand,  is  but  slowly  acted  upon  under 
these  circumstances.  The  electrical  in- 
sulating quality  of  balata  is  said  to  be 
quite  equal  to  that  of  gutta-percha." 

Mr.  Jenman  says  that  the  collecting  of 
balata  is  an  open  and  recognized  busi- 
ness, is  carried  on  only  in  Berbice,  but 
he  proceeds  to  show  that  the  greater 
part  of  that  so  collected  is  not  obtained 
from  trees  on  Government  grants,  but 
surreptitiously  from  Crown  lands;  and 
Mr.  Jenman  further  says  that  much  dam- 
age is  done  to  the  Crown  lands  by  the 
depredations  of  collectors,  and  "  that  it 
is  desirable,  in  the  interest  of  the  colony, 
till  effective  rules  are  devised  for  the 
protection  of  the  forest  and  the  preserva- 
tion of  this  valuable  wood,  that  the 
trade  should  be  discontinued.'' 

The  life  of  the  balata  collectors  is  a 
very  hard  one.  The  ground  they  have 
to  traverse  is  generally  very  wet  and 
swampy.  In  many  cases  the  traveler 
sinks  at  every  step  up  to  his  knees,  and 
this  continues  for  miles,  and  water  often 
has  to  be  waded  through  up  to  the  arm- 
pits. When  the  collecting  ground  is 
not  too  far  distant,  women  sometimes  ac- 
company the  men,  and  cook  or  assist  in 
laying  out  the  calabashes,  and  collecting 
the  milk  while  the  men  fell  and  ring  the 
trees.  The  collectors  connected  with  a 
grant  sell  the  milk  they  collect  to  the 
agent  on  the  grant,  and  never  dry  it 
themselves.  The  price  for  pure  milk  is 
four  shillings  per  gallon,  or  occasionally 
a  dollar,  and  for  clean  well  dried  balata 
one  shilling  per  pound.  Considering  the 
circumstances  of  the  people  who  follow 
it,  balata  collecting,  if  pursued  with  in- 
dustry, is  a  paying  business.  The  calling 
pays  better,  while  the  season  lasts,  than 
the  best  mechanical  trade ;  with  fair 
weather,  a  man  can  earn  from  one  to  five 
dollars  a  day  at  it,  and  an  exceptionally 
expert  collector  has  been  known  to  make 
twenty  dollars  in  three  days. 

The  instruments  used  in  collecting  the 
milk  are  an  axe  for  felling  the  trees,  a 
cutlass  for  making  the  channels  in  the 
bark  to  cause  the  milk  to  flow,  and  two 
or  three  gourds  in  which  to  collect  the 
milk.  The  collector  commences  opera- 
tions by  chipping  a  piece  of  the  bark 
from  the  selected  tree,  and  if  the  milk 
runs  well  he  quickly  shaves  the  moss  and 
rough  bark  from  the  side  he  intends  to 


tap,  then  stooping  down   with  his  back 
to  the  front  of  the  tree,  but  on  one  side 
of  it,  he  cuts  from  the  base  of  the  tree 
obliquely    upwards    towards  himself,    in 
the  bark,  a  narrow  channel,  then  moving 
round   the    other    side,    a    similar    one. 
These  grooves  are  generally  about  eigh- 
teen  inches   long ;  they   form   an   acute 
angle  at  the  base,   just   below  which  a. 
niche  is  cut  in  the  bark  and  is  slightly 
lifted   with  the  end  of  the   cutlass,  and 
a  calabash  inserted  by  the  rim  under  it. 
Occasionally  a  piece  of  palm  or  maranta. 
leaf  is  inserted  under  the  bark,  and  the 
calabash   is  placed  on   the   ground,    the- 
leaf  conducting   the  milk  into   it.     The 
channels  are  then   quickly  cut   upwards 
parallel  to   each   other   on   the  opposite 
sides,   about  ten  inches  apart,  the  oper- 
ator continuing  them  as  far   as  he  can 
reach,  which  is  about  eight  feet  from  the 
ground.     The  milk  trickles  from  cut  to 
cut  down  this  zig-zag  line  into  the  cal- 
abash beneath.     The  best  collectors  cut 
the  bark  with  much  neatness  and  preci- 
sion, and  do  not  injure  the  trees ;  but 
little  care  is  usually  taken,  and  the  wood 
is  injured  with  every  stroke  of  the  cut- 
lass,  the   result    being    that    numerous 
trees  are  killed,  and  left  standing.   Large 
trees  are  always  tapped  on  the  opposite 
sides,  careful  collectors  leaving  the  inter- 
vening spaces  for  subsequent  years.     It 
takes  from  five  to  ten  minutes  to  cut  the 
channels  in  each  tree,  and  the  milk  runs 
from  forty  to  sixty  minutes  ;  at  first  it 
forms   a   little  rivulet,   but   after   about 
twenty  or  thirty  minutes,  it  only  drips. 
After  a  little  use,  the  gourds  beoome  so 
coated  on  the  inside  with  dry  balata,  that 
they  have  to  be  occasionally  soaked  in 
water,  when  it  peels  off  freely,  leaving 
them  perfectly  clean    again.     The   yield 
of  a   tree    varies    according   to   circum- 
stances.    If  favorable,  a   tree  15  inches 
to  20  inches  in  diameter,  bled  8  feet  high, 
will  yield   3  pints    of  milk.      Trees    are 
often  felled,  and  then  tapped  by  ringing 
the  bark  in  parallel  transverse  lines,  at 
intervals  about  a  foot  apart. 

To  dry  the  milk,  it  is  poured  into 
shallow  wooden  trays,  the  insides  of 
which  are  previously  rubbed  over  with 
oil,  soap,  or  grease,  to  prevent  the  balata 
sticking,  and  the  substance  is  exposed  to 
as  much  air  as  possible,  and  sometimes  to 
the  sun.  In  fine  weather  it  takes  two  or 
three  days  to  dry,  and  in  wet  weather  a 
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week  or  more  ;  when  it  is  sufficiently 
dry  to  be  removed  from  the  boxes,  the 
sheet  is  thrown  over  a  line,  or  bar,  to 
drip,  and  become  hard. 

A  good  deal  of  foreign  matter  is  found 
in  the  milk,  and  Mr.  Jenman  says  adul- 
teration is  systematically  carried  on,  and 
the  agents  have  at  all  times  to  be  on 
their  guard  against  it. 

The  report  concludes  with  a  considera- 
tion of  the  damage  done  to  the  forests, 
and  some  remarks  on  their  better  con- 
servation. 


ENGINEERING    NOTES. 

Hull  Alexandka Dock. — This  dock,  which 
was  inaugurated  yesterday  week,  is  2,300 
ft.  in  length  and  1,000  ft.  wide,  and  contains  a 
water  area  of  46^-  acres.  This  is  a  very  large 
water  space,  as  compared  with  any  of  the  older 
docks  at  Hull,  and  the  advantages  of  great 
width  and  length  are  increased  by  the  depth 
of  water,  which  will  be  34  ft.  6  in.  The  en- 
trance to  the  dock,  which  is  bell  mouthed,  has 
received  much  attention,  and  the  lock  is  550  ft. 
in  length,  with  a  width  of  85  ft.  There  is  a 
swing  bridge  over  the  lock  for  the  railway, 
and  there  are  three  pairs  of  gates  for  letting 
vessels  in  and  out.  The  depth  of  water  on  the 
sill  at  high  water  ordinary  spring  tides  is  34  ft. 
A  river  bank,  which  has  been  made,  has  a  to- 
tal length  of  6,100  ft.,  and  the  whole  area  of 
the  dock  estate  is  192  acres,  of  which  152^ 
acres  have  been  reclaimed  from  the  Humber. 
With  the  view  of  accommodating  the  largest 
class  of  vessels,  the  Hull  and  Barnsley  Kail  way 
and  Dock  Company  has  constructed  at  the 
north-east  corner  of  the  dock  two  dry  docks. 
One  is  500  ft.  in  length,  with  an  entrance  of  60 
ft.,  and  the  other  is  550  ft.  long,  with  a  width 
of  65  ft. 

An  experiment  is  shortly  to  be  made  in  the 
conveyance  of  laden  railway  trucks  be- 
tween the  mainland  and  the  Isle  of  Wight. 
The  Carrier,  a  paddle  steamer,  possessing  facili- 
ties for  receiving  cargoes,  has  been  acquired, 
and  it  is  intended  to  run  this  vessel  from  Lang- 
stone  Harbor  to  Brading.  A  wharf  is  to  be 
erected  at  Langstone,  and  a  line  of  Railway 
constructed  to  the  water's  edge.  On  the  up- 
per deck  of  the  Carrier  a  double  line  of  rails 
has  been  laid  from  stem  to  stern,  affording  ac- 
commodation for  fourteen  ordinary  railway 
trucks.  The  vessel  will  come  alongside  the 
wharf,  where  there  are  steam  appliances  for 
running  the  trucks  on  the  deck  direct,  and  at 
Brading  similar  facilities  will  be  provided  for 
unshipping  them,  and  again  placing  them  on 
the  railway.  It  is  also  anticipated  that  in  the 
course  of  time  passenger  trains  may  be  car- 
ried across  the  water  by  similar  means.  At 
present  considerable  difficulty  is  experienced 
in  conveying  merchandise  to  and  from  the 
Isle  of  Wight,  the  arrangements  necessitating 
the  unloading  of  goods,  which  occasions  con- 
siderable delay.     This  will  be  entirely  obviated 


should  the  experiment  prove  successful.  One 
of  the  principal  objects  of  the  new  system  is  to 
facilitate  the  transit  of  vegetables,  &c,  for  the 
Isle  of  Wight,  and  it  is  calculated  that  at  least 
two  hours  will  be  saved  by  this  means.  It  is 
stated  that  trucks  could  be  filled  with  coal  at 
the  pits  and  conveyed  to  any  station  in  the  Isle 
of  Wight  without  being  unloaded,  and  the 
same  advantage  would  apply  to  furniture  vans. 
After  the  arrival  of  the  Carrier  at  Portsmouth 
from  Newhaven  a  trial  was  made  of  her  sea- 
going capabilities  between  Langstone  and  Brad- 
ing with  satisfactory  results. 


IRON  AND  STEEL  NOTES. 

Examination  of  Cast  Steel. — We  learn 
from  La  Metallurgie  that  some  interesting 
studies  on  the  structure  of  cast  steel  have  been 
made  in  the  laboratories  of  Creusot  by  MM. 
Osmond  and  Worth.  It  was  already  known 
that  cast-steel  consists  of  a  kind  of  cellular  net- 
work of  a  carbide  of  iron,  not  easily  attacked 
by  acids,  inclosing  particles  of  soft  iron  easily 
attacked  and  dissolved.  In  order  to  examine 
this  structure  more  closely,  MM.  Osmond  and 
Worth  prepared  some  very  thin  sheets  from  the 
samples  to  be  examined,  not  exceeding 
two  or  three  hundredths  of  one  millimeter 
in  thickness.  These  were  attached  to  glass 
plates  by  means  of  Canada  balsam,  and 
then  exposed  to  the  action  of  dilute  nitric 
acid,  which  dissolves  out  all  the  soft  iron, 
and  leaves  the  network  of  carbide  in  a  form 
convenient  for  examination.  It  was  found 
that  the  distribution  of  the  network  was  not 
uniform;  groups  of  carbide  cells  occur  to- 
gether, with  spaces  between  made  up  of  soft 
iron.  The  regularity  in  the  diffusion  of  the 
carbide  appears  to  influence  the  quality  of  the 
steel,  as  that  steel  which  had  been  most  worked 
was  most  uniform  in  structure. 

Feom  1862  to  1882  the  production  of  sulphuric 
acid  in  Germany  has  increased  from  22,311 
tons  to  1 57,961  tons,  chiefly  obtained  from  Siegen 
pyrites.  Lump  pyrites  are  burnt  in  kilns  with 
movable  grates,  and  smalls  in  Perret  or  Maletra 
kilns.  The  burnt  ore  from  certain  mines  is 
afterwards  smelted  for  iron,  but  the  Siegen  ore 
retains  too  much  sulphur  to  permit  of  its  use 
in  metallurgy.  M.  Hasenclever  seeks  to  refute 
the  views  of  Dr.  Lunge  on  the  inconvenience 
of  zinc  sulphide — blende — in  the  manufacture 
of  sulphuric  acid. 

a  new  method  of  producing  alloys  of  iron 
/\  or  manganese,  or  iron  and  manganese, 
with  tin,  is  described  in  a  patent  taken  out  by 
Charles  Billington  and  John  Newton,  who  claim 
the  introduction  of  iron  or  manganese,  or  of  iron 
and  manganese  not  previously  alloyed,  into  a 
bath  of  molten  tin,  kept  at  a  suitable  tempera- 
ture, the  iron  or  manganese  being  connected 
by  wires  to  a  dynamo  machine  or  battery. 
When  put  in  circuit  it  is  claimed  that  the  cur- 
rent of  electricity  throws  off  the  iron  or  man- 
ganese of  iron  and  manganese  into  the  tin  bath, 
and  produces  chemical  action  between  the  met- 
als, which  causes  them  to  alloy  with  each  other 
in  any  desired  proportion  that  can  be  regulated 
with  great  nicety. 
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A  temperature  of  570  deg.  will  produce  a 
dark  blue  color  on  polished  steel,  and  590 
deg.  a  pale  blue.  Oil  or  grease  of  any  kind 
will  answer  for  drawing  the  temper  of  cutlery. 
The  temper  for  lancets  is  obtained  at  430  deg. 
Fahr.,  axes  at  500  deg.,  swords  and  watch 
springs  at  530  deg.,  small  saws  at  570  deg.,  and 
large^saws  at  590  deg.  Copper-colored  spots 
are  not  produced  by  tempering,  but  they  may 
be  obtained  on  the  polished  surface  of  steel  by 
immersing  the  article  in  a  solution  of  sulphate 
of  copper. 

The  Clapp-Griffiths  Steel  Process. — There 
has  been  a  tendency  of  late  to  render 
smaller  users  —  comparatively  speaking  —  of 
steel  independent  of  large  manufacturers,  or, 
putting  it  another  way,  to  enable  them  to  be- 
come their  own  manufacturers  without  having 
to  put  up  an  expensive  plant.  This  tendency 
is  illustrated  by  several  devices  for  this  pur- 
pose which  have  been  described  in  our  col- 
umns, some  of  which  are  certainly  meritorious. 
Amongst  these  latter,  and  the  latest  that  has 
been  brought  under  our  notice,  is  the  invention 
of  Messrs.  Clapp  and  Griffiths,  of  Newport, 
Mon.,  which  consists  in  a  fixed  converter  for 
making  soft  steel  to  take  the  place  of  wrought 
iron.  The  objeet  is  to  bring  the  question  of 
steelmaking  within  the  reach  of  manufacturers 
having  puddling  or  charcoal  irou  forges,  at  a 
small  cost  for  plant ;  and  as  steel  is  so  rapidly 
replacing  iron,  this  is  an  important  matter  to 
the  trade,  the  members  of  which  in  most  cases 
have  to  purchase  steel  from  the  large  makers. 
The  converter  is  a  fixed  vessel  about  5£  ft.  out- 
side diameter,  by  10  ft  high,  lined  with  silica 
bricks,  and  is  provided  with  from  four  to  six 
horizontal  tuyeres,  having  valves  at  the  rear  for 
regulating  the  blast  during  the  operation  of 
blowing.  A  very  important  feature  in  the  in- 
vention is  the  position  of  these  tuyeres,  which 
are  placed  about  9  inches  above  the  floor  of  the 
converter,  and  only  4  or  5  inches  under  the  sur- 
face of  the  metal  when  charged.  This  enables 
a  soft  blast  of  only  from  5  to  6  lbs.  per  square 
inch  to  be  used  as  against  from  20  to  25  lbs.  in 
an  ordinary  Bessemer  converter.  As  the  slag 
rises  on  the  metal,  it  is  run  off  through  a  slag 
hole,  and  when  the  blow  is  completed,  the  steel 
is  tapped,  in  the  same  manner  as  iron  is  drawn 
from  an  ordinary  cupola.  It  is  then  taken  in  a 
ladle,  after  the  addition  of  ferro-manganese,  to 
the  casting  pit  and  run  into  ingots.  The  pig- 
iron  is  first  melted  in  a  cupola  and  then  run 
into  the  converter,  where  the  conversion  into 
steel  takes  from  15  to  20  minutes.  It  is  stated 
that  plant  can  be  erected  at  a  moderate  cost  to 
make  from  50  tons  and  upwards  per  week  ac- 
cording to  the  number  of  converters  at  work, 
the  capacity  of  the  converters  varying  from  1 
ton  to  3  tons  per  charge,  and  the  number  of 
charges  per  day  of  twelve  hours  being  from 
twelve  to  fifteen  for  each  converter.  It  is 
claimed  that  a  Clapp-Griffiths  plant  can  be 
erected  at  a  cost  of  about  one-half  of  a  Sie- 
mens plant  to  produce  an  equal  quantity  of 
steel,  and  in  cases  where  forges  have  small 
blowing  engines  suitable  for  the  purpose,  the 
cost  is  considerably  less.  The  process  has 
been  worked  for  some  time  past  by  both  Eng- 
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lisli   and  foreign  firms  with,   we  understand, 
every  success. 

Not  having  had  the  opportunity  of  inspecting 
the  process  ourselves,  we  have,  so  far,  only  the 
statements  of  those  interested  in  the  invention 
to  go  upon.  Let  us  at  once  say  that  we  accept 
their  statements  in  perfect  good  faith.  Their 
views  have  been  so  modestly  advanced  as  com- 
pared with  those  of  some  other  inventors 
which  have  of  late  been  submitted  to  us  that 
we  feel  bound  to  accept  them  without  hesita- 
tion or  reserve.  It  is,  however,  satisfactory  to 
us  to  be  able  to  produce  confirmatory  evidence 
of  the  merits  of  the  invention  perfectly  inde- 
pendently of  the  inventors  or  their  friends, 
and,  indeed,  without  their  knowledge.  It  so 
happens  that  we  have  just  received  from  the 
United  States  two  papers  upon  this  process. 
These  papers,  which  were  read  before  a  recent 
meeting  of  the  American  Institute  of  Mining 
Engineers,  held  at  New  York,  were,  one  by 
Mr.  J.  P.  Witherow,  of  Newcastle,  Pa.,  and 
the  other  by  Mr.  R.  W.  Hunt,  of  Troy.  From 
these  papers  it  appears  that  the  Clapp-Grif- 
fiths process  was  tried  in  South  Wales  two  years 
since  with  a  reasonable  amount  of  success,  the 
operations  having  been  witnessed  by  the  au- 
thors of  the  two  papers.  The  process  has 
since  been  tried  at  Pittsburgh  with  improved 
machinery,  and  with  results  which  it  will  be 
seen  produced  a  strong  impression  at  the  meet- 
ing of  the  institute  to  which  we  have  referred. 
It  would  appear  that  the  process  almost  com- 
pletely eliminates  the  silicon,  while  leaving  un- 
touched the  phosphorus,  in  fact,  the  percentage 
of  the  latter  in  the  steel  is  higher  than  that  in 
the  pig  nearly  in  proportion  to  the  concentra- 
tion due  to  waste  in  blowing,  and  the  cinder 
contains  only  traces  of  phosphoric  acid.  As 
far  as  regards  the  mechanical  qualities  of  the 
steel,  it  is  demonstrated  that  low  silicon  per- 
mits of  high  phosphorus  and  thus  it  has  been 
suggested  that,  since  the  Clapp-Griffiths  process 
has  shown  its  capacity  to  turn  out  with  special 
success  mild  steels,  and  since  it  proves  that  the 
elimination  of  phosphorus  is  not  necessary  pro- 
vided the  silicon  is  removed,  therefore  it  partly 
covers  the  ground  occupied  by  the  basic  proc- 
ess. Mr.  Hunt,  while  believing  that  it  cannot 
make  rails  or  ship  plates  in  competition  with 
the  regular  Bessemer  plants,  holds  that  it  can 
compete  with  them  in  small  products,  even  if 
it  does  not  make  an  article  which  they  cannot 
produce.  The  quality  of  the  metal  made  by 
this  process  in  America  has  been  proved,  many 
hundreds  of  tons  of  it  having  been  made  by 
Messrs.  Oliver  Brothers  &  Phillips  of  Pitts- 
burgh, and  placed  on  the  market  in  different 
forms,  and  consumers  have  recorded  their  ap- 
proval of  it.  Mr.  Witherow  states  in  his  paper 
that  it  costs  50s.  per  ton  at  Pittsburgh  to  con- 
vert pig-iron  into  puddled  bars,  but  a  ton  of 
pig-iron  can  by  the  Clapp-Griffiths  process  be 
made  into  steel  blooms  for  24s.  in  mills,  or 
about  half  the  cost,  while,  if  the  iron  is  run  di- 
rect from  the  blast-furnace  into  the  converter, 
the  cost  will  only  be  about  16s.  This  testimony 
is  borne  out  also  by  Mr.  Hunt,  who  believes  the 
converter  will  be  found  desirable  for  existing 
works  whose  products  in  the  past  have  been 
exclusively  wrought  iron.     In  connection  with 
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the  technical  features,  it  may  be  stated  that, 
when  the  process  was  first  started  at  Pittsburgh, 
the  best  brands  of  English  Bessemer  iron  were 
used,  and  the  steel  produced  so  far  exceeded 
all  requirements  that  a  lower  standard  was 
ventured  upon,  and  a  pig  was  used  having  a 
greater  proportion  of  phosphorus.  A  mixture 
was  tried  which  gave  a  metal  with  about  0.34 
per  cent,  of  phosphorus,  and  this  worked  so 
well  that  Mr.  Hunt  doubled  his  proportion  of 
high  phosphorus  pig,  obtaining  a  steel  with 
0.54  per  cent,  phosphorus,  and  a  test  piece  was 
bent  double  when  cold,  and  worked  very  satis- 
factorily when  hot.  As  yet  it  has  not  been  as- 
certained how  much  higher  the  content  of  the 
phosphorus  in  the  pig  may  go,  and  this  appears 
to  be  the  only  question  remaining  unanswered. 
The  composition  of  the  steel  is  shown  by  sev- 
eral analyses  in  Mr.  Hunt's  paper  ;  and,  taking 
that  ascertained  just  before  the  meeting,  we 
find  that  there  was  :  Carbon,  0.08  per  cent  ; 
silicon,  0.01 ;  phosphorus,  0.50 ;  manganese, 
0.48 ;  and  sulphur,  0.09 ;  while  the  physical 
tests  gave  tensile  strength  about  80,000  lbs., 
elastic  limit  59,000  lbs.,  elongation  23  to  24  per 
cent. ,  and  reduction  of  area  36  to  37  per  cent. , 
in  all  cases  ^-inch  round  test  pieces  8  inches  in 
length  being  used.  On  the  whole,  the  results 
appear  to  be  most  satisfactory,  and,  judging  by 
them,  the  question  arises  as  to  how  far  the 
Clapp-Griffiths  may  affect  other  steel-making 
processes  on  a  large  scale.  It  appears  destined 
to  influence  the  trade  by  its  application  in  the 
direction  indicated  by  us  at  the  commence- 
ment of  our  article,  and  if  the  results  of  work- 
ing on  the  smaller  are  corroborated  by  those 
produced  on  the  larger  scale — should  it  be  so 
tried — it  might  go  hard  with  some  of  our  lead- 
ing works.  Many  nice  questions,  however, 
will  have  to  be  settled  before  that  day  arrives, 
and,  in  the  meantime,  there  is  an  ample  field 
for  the  process  amongst  users  of  steel  in  mod- 
erate quantities,  who  may  be  glad  to  avail  them- 
selves of  the  advantages  it  offers. — Iron. 


RAILWAY  NOTES. 

The  railways  of  New  South  Wales  are  the 
property  of  the  Government.  The  Southern 
line  is  in  operation  from  Sydney  to  Albury,  a 
distance  of  386  miles,  and  will  be  opened  be- 
fore the  end  of  the  present  year  to  Albury, 
where  it  joins  the  line  from  the  Murray  to  Mel- 
bourne. A  branch  is  also  being  pushed  on 
from  Junee  to  Hay  in  a  westerly  direction. 
The  Western  line,  which  crosses  the  Blue 
Mountains,  is  open  to  Wellington,  248  miles 
distant  from  Sydney,  and  is  being  extended  to 
Bourke,  504  miles  from  Sydney,  on  the  river 
Darling.  A  suburban  line  runs  to  Richmond 
and  Parramatta  ;  while  from  the  important  sea- 
port of  Newcastle  there  is  a  railway  communi- 
cation to  Glen  Innes,  a  distance  of  399  miles  ; 
and  to  Narrabri,  a  distance  of  320  miles  ;  while 
numerous  other  lines  are  being  commenced. 

In  a  report  on  a  collision  which  occurred  on 
the  23d  May  at  Boston  station,  on  the  Great 
Northern  Railway,  Major  Marindin  says :  "  This 
collision  was  caused  by  the  coupling  between 


the  engine  tender  and  the  brake  van  becoming 
detached  upon  a  falling  gradient,  immediately 
the  engine  began  to  push  these  vehicles  back 
towards  the  passenger  train.  The  evidence  ap- 
peared to  show  that  the  shackle  was  not  proper- 
ly oiled,  and  that  the  coupling  being  stiff,  it 
was  pushed  off  the  hook  when  the  engine  be- 
gan to  set  back.  I  think  that  the  best  means 
to  adopt  in  order  to  prevent  the  recurrence  of 
an  accident  from  a  coupling  coming  loose 
would  be  to  fit  the  draw-bar  hooks  of  all  ve- 
hicles with  a  spring  or  a  weighted  catch  as  is 
done  upon  the  London  and  North-Western 
Railway  and  other  lines,  and  until  this  is  done 
it  is  clearly  advisable  that  in  the  operation  of 
putting  empty  carriages  on  to  a  train  the  coup- 
lings should  be  screwed  up  sufficiently  to  make 
it  impossible  for  them  to  become  detached  as 
in  this  case.  It  would  also  be  well  to  have  a 
porter  in  the  brake  van  to  make  use  of  the 
brake  power  if  necessary,  except,  of  course,  in 
cases  when  the  vehicles  are  fitted  with  an  auto- 
matic brake  coupled  on  to  the  engine  and  in 
working  order." 


ORDNANCE  AND  NAVAL. 

In  the  following  figures  are  given,  first,  the 
sea-going  merchant  fleets  of  all  nations,  and, 
second,  the  "steamships  of  all  nations: — Great 
Britain,  22,500  vessels,  11,200,000  tons;  United 
States,  6,600  vessels,  2,700,000  tons ;  Norway, 
4,200  vessels,  1,500,000  tons;  Germany,  3,000 
vessels,  1,400,000  tons;  France,  2,900  vessels, 
1,100,000  tons ;  Italy,  3,200  vessels,  1,000,000 
tons;  Russia,  2,300  vessels,  600,000  tons;  all 
nations,  46,000  vessels.  23,000,00*)  tons.  Thus 
it  will  be  seen  at  a  glance  how  tremendously 
England  outrivals  every  other  marine  Power. 
Her  preponderence  is  even  greater  in  steam 
vessels,  as  appears  in  this  second  statement : — 
All  nations,  7,764  steam  vessels,  9,232,000  tons; 
Great  Britain,  4,649  steam  vessels,  5,919,000 
tons;  France,  458  steam  vessels,  667,000  tons; 
United  States,  422  steam  vessels,  601,000,  tons; 
Germany,  420  steam  vessels,  476,000  tons ;  Spain, 
282  steam  vessels,  305,000  tons ;  Italy,  135  steam 
vessels,  166,000  tons;  Holland,  127  steam  ves- 
sels, 155,000  tons ;  Russia,  194  steam  vessels, 
149,000  tons. 

The  Eleoteio  Light  and  Guns. — Mr.  Walter 
Winans,  of  Brighton,  has  applied  the  in- 
candescent lamp  to  the  front  sight  of  a  rifle  so 
as  to  render  it  visible  in  the  dusk  of  evening  or 
when  there  is  insufficient  light  to  take  an  aim. 
It  consists  of  a  miniature  electric  lamp  fixed 
near  the  muzzle  of  the  gun  and  shielded  by  a 
metal  screen  having  a  hole  in  it  turned  to  the 
shooter,  who  thus  sees  a  bead  of  light  as  the 
front  sight.  The  current  is  supplied  by  a  small 
battery  in  the  stock  of  the  gun.  We  may  add 
in  this  connection  that  the  big  14-ton  gun  in  the 
Inventions  Exhibition  was  brightly  illuminated 
inside  by  an  arc  lamp  on  the  occasion  of  the 
Society  of  Arts  Conversazione.  The  lamp  was 
provided  by  Colonel  Maitland,  R.  A. ,  who  de- 
vised it  for  examination  purposes.  It  was  manu- 
factured by  Messrs.  Johnson  and  Phillips,  and 
supplied  by  a  Holmes-Burke  primary  battery. 
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i\  standing  rivalry  between  heavy  ordnance 
and  armor  plates  is  likely  to  be  disposed  of  in 
a  manner  little  expected,  as  a  means  appears  to 
have  been  discovered  whereby  the  effects  of 
shot  and  shell,  and  even  torpedoes,  will  be  ef- 
fectually neutralized.  For  some  time  past,  na- 
val architects  have  ceased  to  rely  solely  upon 
armor  for  the  protection  of  ships,  for,  notwith- 
standing the  enormous  thickness  to  which  ar- 
mor plates  had  attained,  they  were  found  to  be 
no  match  for  the  artillery  that  was  brought  to 
bear  upon  them.  Steel  plates  and  compound 
plates  were  next  tried,  but  to  no  avail.  As  a 
further  increase  in  the  thickness  of  plates — 
whether  of  iron  or  steel,  or  both  combined — 
was  impracticable,  owing  to  the  overweighting  of 
vessels  with  armor,  shipbuilders  tried  the  expe- 
dient of  supplying  a  second  line  of  defence  in 
the  coal  bunkers,  which  were  constructed  along 
the  sides  of  ships,  especially  those  parts  where 
the  machinery  and  magazines  are  located. 
They  certainly,  to  some  extent  furnished  that 
second  line  without  overburdening  the  vessel, 
for  coals  have  to  be  carried  under  any  circum- 
stances. But  a  far  more  effective  protection 
appears  now  to  have  been  supplied  by  the  in- 
vention of  a  composition  which,  besides  being 
efficacious  as  a  protector,  possesses  the  merit 
of  being  light,  a  desideratum  much  wanted  by 
naval  constructors.  This  composition  is  a 
preparation  obtained  from  cocoanut  cellulose, 
which  has  the  remarkable  property,  when  pene- 
trated by  shot  and  shell,  or  even  after  the  ex- 
plosion of  a  torpedo,  of  closing  up  as  rapidly 
as  it  has  been  perforated,  and  thus  preventing 
the  influx  of  water  into  the  ship's  hold.  The 
verv  appropriate  name  of  "cofferdam"  has 
been  given  to  the  preparation,  which,  besides 
being  very  light,  is  highly  elastic  and  tenacious. 
Some  important  experiments  have  lately  been 
made  with  the  composition  before  a  French 
commission  at  Toulon,  which,  if  everything 
that  is  reported  concerning  them  is  true,  proves 
the  preparation  to  be  destined  to  solve  the  ar- 
mor-plate controversy.  The  commission  sub- 
mitted the  composition  to  a  threefold  test — 
against  shot,  shell  and  torpedo.  The  target  was 
a  cofferdam  made  of  a  mixture  of  14  parts  of 
pulverized  cellulose  and  1  part  of  cellulose  in 
fiber.  This  composition  was  compressed  to  a 
felt-like  mass,  of  which  one  cubic  meter 
weighed  120  kilograms,  or  one  cubic  foot  about 
8  lbs.  A  layer  of  beams  12  centimeters  (4f  in.) 
thick  represented  the  side  of  the  ship,  behind 
which  there  was  a  layer  of  cofferdam  60  centi- 
meters (2  feet)  thick  Against  this  target  a  19 
centimeter  (7£  in.)  solid  shot  was  fired,  which 
penetrated  it,  taking  with  it  not  quite  one-fifth 
of  a  cubic  foot  of  composition,  a  very  small 
quantity,  considering  the  size  of  the  shot.  But 
as  soon  as  the  shot  had  passed  through  the  tar- 
get the  cellulose  composition  closed  up  again, 
and  so  firmly  that  a  strong  man  was  unable  to 
force  his  arm  through  the  opening  made.  A 
box  filled  with  waterVas  then  fixed  against  the 
aperture,  the  contents  of  which  ought  to  have 
acted  in  the  same  way  as  if  the  cofferdam  had 
been  washed  by  the  sea.  It  was  observed  that 
a  few  drops  of  water  began  to  percolate  after 
the  lapse  of  from  ten  to  fifteen  minutes,  and 


even  after  the  composition  had  become  well 
saturated  with  water,  only  between  three  and 
five  pints  of  water  escaped  per  minute,  which 
could  be  easily  intercepted  by  pails.  As  soon 
as  the  cellulose  had  become  thoroughly  soaked 
and  grown  denser,  it  offered  greater  resistance 
to  the  percolation  of  water,  which  finally  al- 
most ceased  to  flow.  The  experiments  with 
shell  gave  similar  results,  the  breach  made  clos- 
ing automatically.  It  was  also  found  that  the 
cofferdam  was  proof  against  fire.  A  special 
experiment  was  made,  in  which  red-hot  coals 
were  placed  upon  a  mass  of  cofferdam,  and 
covered  with  the  same  composition,  the  result 
being  that  the  fire  went  out.  The  experiments 
with  torpedoes  were  not  so  decisive  as  those 
with  shot  or  shell.  A  chest  was  anchored  out 
at  sea,  one  side  of  which  was  lined  with  coffer- 
dam, a  torpedo  attached  to  it,  and  exploded. 
The  chest  floated  for  a  few  second  and  then 
sank.  When  fetched  up  by  a  diver  it  was 
found  that  the  lid  had  been  blown  off,  but  that 
the  cofferdam  composition  was  little  injured. 
The  above  experiments  appear  to  prove  that  the 
material  in  question  possesses  the  property  of 
automatically  closing  a  leak  caused  by  shot  or 
shell  and  of  protecting  a  ship  to  a  certain  ex- 
tent against  fire.  Whether  its  use  will  render 
ships  unsinkable  remains  to  be  shown,  but  we 
understand  that,  in  order  to  investigate  this 
point  thoroughly,  further  experiments  on  a 
larger  scale  are  to  be  undertaken  by  the  Toulon 
commission. — London  Morning  Post, 

The  New  Naval  Guns  — The  Woolwich  cor- 
respondent of  the  Times  writes :  The  new 
guns  which  have  been  designed  to  maintain  the 
naval  supremacy  of  Great  Britain  are  in  an  ad- 
vanced state,  but  they  have  to  undergo  a  course 
of  experiments  to  settle  the  range  tables  and 
other  particulars,  and  it  will  probably  be  the  be- 
ginning of  next  year  before  they  are  ready  for 
sea.  This  will,  however,  be  earlier  than  the 
ships  which  are  to  carry  them  can  be  com- 
pleted, and  there  will  be  ample  time  available 
for  a  full  and  leisurely  study  of  their  require- 
ments and  capabilities.  The  first  of  the  four 
63-ton  steel  breech-loaders  for  Her  Majesty's 
ship  Rodney,  will  be  shortly  finished,  and  will 
be  used  as  an  experimental  gun,  care  being 
taken  that  it  is  not  damaged  in  the  process  by 
any  of  the  surgical  operations  to  which  the  ex- 
perimental guns  are  occasionally  subjected.  Al- 
though 17  tons  lighter  than  the  80-ton  muzzle- 
loaders  on  board  the  Inflexible,  the  63-ton  gun 
is  expected  to  surpass  the  older  weapon  in  its 
destructive  power.  It  will  probably  throw  a 
13^-inch  shot,  of  1,250  lbs.  weight,  with  a  pow- 
der charge  of  about  580  lbs.,  and  the  estimated 
velocity  at  the  muzzle  is  to  be  2,100  ft.  per  sec- 
ond. The  80-ton  gun  projectile  weighs  1,700 
lbs.,  but  the  cartridge  is  but  450  lbs.,  and  the 
muzzle  velocity  recorded  is  1,600  feet  per  sec- 
ond. Should  the  new  gun  realize  expectations, 
it  will  penetrate  29  inches  of  wrought-iron  ar- 
mor at  close  quarters,  and  prove  too  much  for 
27  inches,  even  at  the  liberal  fighting  range  of 
1.000  yards.  Still  more  powerful,  but  not  in 
the  same  ratio  of  increase,  will  be  the  110-ton 
guns  now  being  manufactured  for  Her  Majes- 
ty's ship  Benbow.      There  are  three  of  these 
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guns  ordered,  one  of  which  will  be  surrendered 
for  the  purpose  of  scientific  experiments,  while 
the  other  two  will  be  sent  on  board  ship,  where, 
however,  they  will  not  be  wanted  until  the 
midsummer  of  1886.  The  projectile  will  be 
16^  inches  diameter,  and  weigh  1,800  or  2,000 
lbs.  The  powder  charge  will  be  the  enormous 
one  of  900  lbs.,  or  half  the  weight  of  the  pro- 
jectile, supposing  this  to  be  1,800 lbs.,  on  which 
supposition  the  velocity  may  be  reckoned  at 
2,050  feet  per  second,  and  its  power  of  pene- 
trating armor  at  31^  inches  near  the  muzzle,  or 
2  inches  less  at  1,000  yards.  The  new  guns 
will  be  greatly  superior  to  the  Italian  100-ton 
guns,  which  are  at  present  at  the  head  of  all 
the  naval  artillery  in  the  world,  and  they 
are  also  in  advance  of  the  1(.  0-ton  guns 
which  are  doing  duty  for  England  on  the 
fortifications  of  Malta  and  Gibralter,  although 
these  are  larger  in  the  bore  by  1£  inch.  The 
substitution  of  steel  for  wrought  iron  admits  of 
heavier  charges  of  powder,  and  this  fact  makes 
all  the  difference.  Two  huge  sleighs  for  the 
proof  trials  of  these  and  similar  guns  are  be- 
ing built — the  one  for  use  at  Woolwich  and  the 
other  for  Shoeburyness,  whither  both  the  ex- 
perimental guns  just  mentioned  will  be  sent 
for  practice  at  the  sea  ranges.  To  Shoebury- 
ness there  is  also  to  be  immediately  sent  the 
80-ton  gun  which  has  been  returned  to  Wool- 
wich from  the  Inflexible.  The  inner  tube  of 
the  gun  is  unquestionably  cracked  but  this  is 
regarded  as  a  comparatively  small  injury,  and 
before  it  is  repaired  the  gun  will  be  fired  with 
a  series  of  heavy  charges  at  the  targets  which 
have  been  put  up  at  Shoeburyness  to  represent 
the  Spithead  forts.  These  targets,  which  are 
respectively  faced  with  granite,  wrought-iron 
plates,  and  compound  steel  ,  have  already  been 
attacked  in  a  course  of  earlier  experiments, 
and  the  compound  steel  has  shown  to  very 
great  advantage.  The  double  barge  Magog 
will,  as  heretofore,  convey  the  80-ton  gun,  but 
for  the  110-ton  gun  a  still  larger  craft  is  being 
built,  which  is  to  be  called  the  Gog,  and  meas- 
ures 20  feet  longer  than  the  Magog. 

HEAVY  OEDNANCE  TN  THE  UNITED  STATES. — 
At  the  South  Boston  Ironworks  work  is 
progressing  in  shrinking  a  series  of  steel  rings 
upon  a  6-inch  breech-loading  rifled  gun,  of  the 
same  metal,  now  in  process  of  manufacture. 
This  gun  is  one  of  six  of  like  caliber,  and  two 
of  8-inch  bore,  to  form  a  part  of  the  armament 
of  the  new  cruisers  ordered  by  the  American 
Congress.  These  guns  are  all  of  the  built-up 
pattern.  The  gun,  when  completed,  will  weigh 
11,000  lbs.,  and  carry  a  100-lb.  projectile,  pro- 
pelled by  a  powder  charge  of  50  lbs.  The  in- 
itial velocity  of  the  shell  is  estimated  at  2,200 
feet  per  second,  and  the  ,  effective  range  of  the 
gun  at  .seven  .miles.  •■  The  extreme  length  of 
the  piece  is  193. 53 ;  inches,  the .  diameter  of  the 
chamber  is  .7£  inches,  and  its  length,  including 
slope,  37 j  inches.  .The  rifling  consists  of  24 
lands  and  24  grooves  (a  land  being . the  raised 
portion  between  the  groove  or  indentations) 
with  increasing  twist  of  one  turn  in  180  cali- 
bers at  the  breech,  and  in  a  distance  of  134 
inches  to  increase  to  one  turn  in  30.  calibers. 
The  width  of  grooves  decreases  0.05  inch  from 


the  breech  to  the  muzzle  end  of  the  bore. 
The  breech  mechanism  is  of  the  interrupted 
screw  pattern,  and  in  rear  of  the  nose-plate  is 
an  asbestos  and  mutton-suet  ring,  which  serves 
as  a  gas  check.  The  foundation  of  the  gun  is 
a  steel  tube  184  inches  in  length,  which  is  cast 
in  the  rough  at  the  Midvale  Steel  works  in  Penn- 
sylvania, and  which  receives  interior  and  ex- 
terior finish  at  South  Boston.  It  is  then  ready 
for  the  jacket,  a  cylinder  of  forged  steel  large 
enough  for  the  breech  end  of  the  original  tube 
to  be  inserted  in  it  for  about  one-third  the 
length  of  the  latter,  measuring  from  the  breech 
forward.  This  tube  is  set  up  on  end,  and  the 
jacket,  whose  inside  diameter  is  a  few  thou- 
sandths of  an  inch  smaller  than  the  exterior  of 
the  tube,  is  expanded  by  heat  and  then  lowered 
into  the  tube,  after  which  it  is  shrunk  by  jets 
of  cold  water,  making  what  is  called  a  cold 
weld.  This  jacket  extends  back  of  the  tube 
9.53  inches,  to  accommodate  the  breech  mech- 
anism. In  the  same  manner,  excepting  that 
the  tube  is  disposed  horizontally,  five  steel 
rings  are  shrunk  upon  the  jacket,  in  addition 
to  one  jacket-hooking  ring,  one  tube-hooking 
ring,  and  three  chase  rings ;  and,  again,  out- 
side of  the  jacket  rings  are  the  trunnion  ring, 
which  is  screwed  on,  and  the  elevating  ring. 
The  forward  part  of  the  tube,  71  inches  from 
the  muzzle,  is  the  only  portion  of  the  gun  not 
reinforced.  The  process  of  shrinking  on  the 
jacket  and  rings  is  a  very  delicate  one.  The 
expanding  is  done  entirely  by  gas,  the  jacket 
or  ring,  as  the  case  may  be,  being  introduced 
into  a  network  of  powerful  gas  jets,  which  sur- 
round the  metal  both  externally  and  internally 
with  flame.  Having  been  sufficiently  expand- 
ed, which  requires  a  temperature  of  600°,  the 
jacket  ring  is  slipped  over  the  tube,  an  hydrau- 
lic jack  of  100  tons' power  pressing  the  envelop- 
ing band  home.  So  well  does  this  jacket  per- 
form its  wTork  that  the  joints  between  the  sev- 
eral rings  are  almost  imperceptible,  and  are  of- 
ten no  wider  than  O.0U2  inch.  The  next  proc- 
I  ess  is  the  shrinking,  which  is  done  by  cold 
j  water,  as  already  mentioned.  The  shrinkage 
J  of  the  jacket  amounts  to  0.01  inch,  of  the  jack- 
et rings  to  0.24  inch,  and  of  the  chase  rings 
!  from  0.19  to  0.16  inch.  While  the  shrinking  is 
j  going  on,  the  temperature  of  the  tube  is  kept 
j  down  by  a  stream  of  water  running  the  entire 
I  length  inside.  In  addition  to  these  6-inch  guns 
I  there  are  in  process  of  manufacture  at  the 
I  South  Boston  works  one  12-inch  cast-iron 
breech-loading  rifle,  one  12-inch  cast-iron 
breech-loader  with  steel  hoops  and  tube,  and 
I  one  12-inch  cast-iron  gun  with  steel  tube  and  a 
j  square  steel  wire  coil,  having  a  suction  of  0.15 
I  inch.  The  first  of  these  three  guns  has  been 
I  shipped  to  Sandy  Hook.  The  length  of  its 
I  rifling  is  284  inches,  of  increased  twist,  sixty 
I  lands  and  grooves.  The  diameter  of  the  cham- 
I  ber  is  13^  inches,  and  the  length  69  inches.  The 
charge  is  150  lbs.;  weight  of  projectile, 800  lbs.; 
,  the  range  of  the  gun  is  from  6  to  8  miles.  The 
!  steel  tube  of  the  second  gun  is  from  the  gun 
i  factory  of  Sir  Joseph  Whitworth,  Manchester. 
j  It  weighs  6  tons,  and  is  14  feet  long.  Its  rough 
i  boring  is  now  being  perfected,  and  the  exterior 
j  surface  machined.  It  will  then  be  shrunk  into 
[  a  cast-iron  envelope  weighing  40  tons,  and  the 
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finished  gun,  with  its  steel  hoops  will  weigh  53 
tons.  __ 
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Notizie  Sulla  Agricoltura  in  Italia.  1885. 
Rome. 

Proceedings  of  the  Institution  of  Civil  Engi- 
neers : 

No.  2054. — Metropolitan  and  Metropolitan 
District  Railwavs.  By  Benjamin  Baker,  M. 
Inst.  C.  E. 

No.  2066.— Various  Methods  of  Traction  Ap- 
plicable to  Railways.  By  Marcel  Deprez  and 
Maurice  Leblanc. 

No.  2080.— The  Steel  Permanent  Way  of  the 
London  &  N. -Western  Railway.  By  Francis 
Wm.  Webb,  M.  Inst.  C.  E. 

Student  Paper— No.  190.— Blasting  Rock  at 
Birth  Harbor.     By  William  Kidd,  Stud.  Inst. 

e.E. 

Water  Supply.      By  William  Pole, 

F.  R.  S. 

MONOGRAPHS  OF  THE  UNITED  STATES  GEO- 
LOGICAL Survey. — Vol.  VI. — Contribu- 
tions to  the  Knowledge  of  the  Older  Mesozoic 
Flora  of  Virginia.  By  William  Morris  Fon- 
taine. Washington :  Gorernment  Printing 
Office. 

Vol.  VIII. — Paleontology  of  the  Eureka  Dis- 
trict.    By  Charles  Doolittle  Walcott. 

Only  students  of  Paleontology  will  regard 
these  books  with  particular  interest. 

Vol.  VI.  is  embellished  with  54  large  tinted 
plates,  which  supplement  the  descriptire  text 
in  the  most  satisfactory  manner.  The  plates 
are  tinted,  and  the  typography  of  this,  as  of 
all  the  other  rolumes,  is  excellent. 

Vol.  VIII.  is  deroted  to  descriptions  of  the 
fauna  of  the  Cambrian,  Silurian,  Devonian, 
and  carboniferous  formations. 

For  the  student's  benefit  the  text  compares 
the  described  features  with  those  of  species 
found  in  other  localities,  and  already  known  to 
Paleontologists. 

Reference  libraries  ererywkere  are  incomplete 
without  these  reports  The  sientists  of  the  next 
generation  will  not  be  properly  equipped  for 
geological  work  without  the  knowledge  of  what 
has  been  recorded  during  the  present  re- 
searches. 

All  students  of  Natural  History  know  how 
raluable  are  good  illustrations  of  the  objects 
with  which  they  wish  to  familiarize  themselres, 
and  students  hare  long  since  learned  to  place  a 
high  values  upon  the  illustrations  of  the  reports 
of  the  United  States  Geological  Survey. 

Water-Closets  :  A  Historical,  Mechani- 
cal and  Sanitary  Treatise.  By  Glenn 
Brown,  Architect,  Assoc.  Am.  Inst,  of  Archi- 
tects. New  York  :  The  Industrial  Publication 
Company.     1  vol.,  cloth.     Price  81.00. 

In  this  book  Mr.  Glenn  Brown,  who  is  also  | 
the  author  of  one  of  the  latest  volumes  of  the  j 
Science  Series,*  has  condensed  much  useful  in-  j 
formation,   of  interest  alike    to  the  historian,  \ 

♦"Healthy  Foundations  for  Houses. "'  By  Glenn 
Brown,  Architect.  Van  Nostrand's  Science  Series, 
Vol.  80. 


the  manufacturer,  the  sanitarian  and  the  house- 
holder. He  begins  his  subject  with  a  histori- 
cal review-,  next  describes  and  illustrates  some 
of  the  first  patented  mechanical  apparatus  for 
the  reception  and  removal  of  faecal  matter,  and 
finally  discusses  at  length  the  modern  closets — 
that  is,  those  types  which  are  at  present  manu- 
factured and  sold.  The  copious  illustrations  of 
the  book  add  much  to  its  value,  although  we 
can  hardly  agree  with  the  author's  opinion  that 
they  are  all  made  in  a  uniform  style. 

On  page  144  we  notice  a  slight  error  in  enu- 
merating the  well-known  English  siphon  and 
tumbler-tank  of  Mr.  Isaac  Shone  as  one  of  a 
number  of  water-closet  tanks.  The  tank  is 
never  used  to  supply  water-closets  with  flush- 
ing water,  but  is  intended  to  be  placed  under- 
ground to  receive  all  discharges  from  soil 
and  waste  pipes,  and  to  act  as  a  "  hydraulic 
ejector,"  as  the  inventor  calls  it,  that  is,  as  a 
flush  tank  to  the  main  house-drain. 

We  also  cannot  agree  with  the  writer's  opin- 
ion of  some  of  the  most  recent  water-closets, 
and  think  that  upon  actual  experience  in  using 
some  of  these  in  his  architectural  work— and 
which  he  evidently  did  not  have  when  writing 
his  book — he  will  find  it  necessary  to  greatly 
modif}r  his  opinion.  In  one  instance,  particu- 
larly, his  drawing  of  the  closet  is  accurate,  and 
his  description  of  the  same  closet  faulty  and  in- 
correct. 


MISCELLANEOUS. 

Alarm  for  Icebergs. — The  recent  collision 
of  the  steamer  Baltic  with  an  iceberg  and 
the  delays  and  narrow  escapes  from  accidents 
on  the  part  of  other  vessels  on  the  Atlantic,  has 
stimulated  the  wits  of  American  inventors,  and 
numerous  suggestions  and  experiments  have 
followed.  Prof.  Alexander  Graham  Bell,  and 
Mr.  Frank  Delia  Torre,  have  been  experimenting 
in  the  Chesapeake  Bay  with  a  speaking  trumpet 
attached  to  the  muzzle  of  a  musket  and  judging 
of  the  proximity  of  objects  by  means  of  an  echo. 
The  results  of  the  experiments  are  of  a  satisfac- 
tory- nature  and  may  lead  to  some  means  for  a 
more  practical  application  of  such  devices. 
When  the  gun  was  aimed  at  passing  vessels 
clear  echoes  were  returned  up  to  a  distance  of  a 
mile,  and  the  interval  between  the  report  and 
the  echo  would  serve  as  a  basis  for  estimating 
the  distance  in  the  night.  A  small  steam  tug, 
approaching  the  vessel  bow  on,  produced  an 
echo  in  answer  to  the  discharge  of  the  gun  when 
at  a  distance  of  one-fourth  of  a  mile,  although 
the  echo  did  not  have  the  clearness  of  those  sent 
back  from  sailing  vessels.  The  ripples  and 
waves  on  the  surface  also  gave  continuous 
echoes  like  the  rolling  of  distant  thunder,  and 
the  experiments  were  more  satisfactory  in  calm 
than  in  rough  weather.  As  the  motion  of  the 
water  in  the  open  sea  is  always  considerable  in 
comparison  with  the  land-locked  Chesapeake 
Bay,  and  the  large  bulk  of  a  steamer  would,  in 
itself,  reflect  sounds,  it  is  probable  that  in  its 
present  form  the  utility  of  this  ingenious  device 
is,  to  say  the  least,  unproven;  but  some  appli- 
cation of  the  principles  governing  the  reflection 
of  sound  appears  to  be  the  most  feasible  man- 
ner of  giving  warning  of  the  approach  of  ice- 
bergs and  even  of  other  vessels. 
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1885,  has  been  about  $300,000,  while  the  annual 
income  is  now  $15,000  per  annum.  While  sup- 
plying 1,500  consumers,  there  have  been  occa- 
sions, during  very  hot  weather  in  August,  when 
for  some  hours,  the  draft  on  these  pipes  has 
been  at  the  rate  of 1, 000  gallons  per  head  per  day. 
Street  watering  accounts  for  some  100,000  gal- 
lons daily ;  fountains  for  a  considerable  amount 
besides,  but  the  great  bulk  of  this  floio  goes  for 
irrigation.  The  character  of  City  Creek  water 
is  such,  Mr.  Ottinger  informs  me.  that  meters 
cannot  be  used  at  all,  owing  to  quick  corrosion, 
and  so  great  is  the  effect  of  the  sulphuric  acid 
in  this  water  upon  brass,  that  unless  the  stop 
gates  are  moved  at  least  once  every  40  days,  they 
become  set  and  require  to  be  taken  out  and  re- 
lieved, so  as  to  be  worked  at  all.  It  is  evident 
that  no  matter  what  other  methods  may  be 
adopted  for  conducting  water  for  irrigation,  a 
very  large  amount  will  always  pass  through 
these  pipes  and  be  devoted  to  that  purpose,  but  it 
is  presumable  that  some  method  will  be  adopted 
to  get  payment  therefor.  When  the  time  ar- 
rives, as  it  will,  that  the  waters  of  Utah  Lake 
shall  be  brought  to  the  city,  for  household  pur- 
poses, by  covered  conduit  or  pipe,  all  these  dif- 
ficulties will  be  obviated. — Abstract  of  Report 
of  C.  S.  Stevenson. 

At  a  recent  meeting  of  the  Berlin  Physical 
Society,  Dr.  Kalischer,  described  a  new 
secondary  battery,  intended  to  overcome  the 
disadvantage  of  the  usual  accumulators — name- 
ly, that  the  sheet  of  lead  used  as  anode  was  very 
soon  destroyed.  This  object  he  is  said  to  have 
attained  by  adopting  a  very  concentrated  solu- 
tion of  nitrate  of  lead  as  electrolyte,  and  iron  as 
anode.  The  iron,  on  being  immersed  in  the  so- 
lotion  of  lead,  became  passive,  and  resisted  every 
corroding  effect  of  the  fluid ;  in  other  respects 
the  peroxide  of  lead  on  the  electric  charge  be- 
came deposited  at  the  anode  as  a  very  firm  co- 
horent  mass,  enveloping  and  protecting  the  iron 
on  all  sides.  The  charge  was  continued  till 
the  greater  part  of  the  nitrate  of  lead  was  de- 
composed, a  condition  which  was  marked  by 
the  occurrence  of  a  greater  development  of  gas 
at  the  anode.  At  the  beginning  of  the  charge 
all  development  of  gas  must  be  avoided,  as 
otherwise  the  peroxide  of  lead,  or,  more  cor- 
rectly, the  hydrate  of  peroxide  of  lead,  became 
covered  with  bubbles.  As  cathode  a  sheet  of 
lead  was  used,  but  it  was  attended  by  two  dis- 
advantages. In  the  first  place,  the  lead,  during 
the  charge,  separated  itself  at  the  cathode  into 
long  crystal  threads,  which  soon  passed  through 
the  fluid  and  produced  short  closing  (of  the  cur- 
rent). In  the  second  place,  the  nitrate  acid, 
which  remained  in  the  fluid  after  the  separation 
of  the  lead,  acted  very  powerfully  on  the  sheet 
of  lead.  Both  disadvantages  Dr.  Kalischer 
avoided  by  amalgamizing  the  cathode.  This 
accumulator  of  iron,  concentrated  solution  of 
I  nitrate  of  lead,  and  amalgamized  lead  yielded, 
|  after  the  electric  charge,  which  could  be  carried 

C^ITT  Water  Works  System  under  Press-  j  out  without  any  special  preparations,  a  current 
J  tjre.— At  present  these  consist  of  twelve  of  about  2  volts ;  after  about  six  hours'  dis- 
miles  of  street  mains,  supplying  1,500  consum-  charge,  however,  the  electromotive  force  sank 
ers,  or  6  per  cent,  of  the  population.  There  are  to  1.7  volt,  but,  on  the  battery  being  left  to 
139  hydrants,  9  free  spills,  and  6  drinking  and  i  itself  for  twenty-four  hours,  it  became  a  little 
1  public^ fountain.     The  cost  to  January  1st,  |  increased.      According    to   the  measurements 


The  Mechanical  Telephone. — A  new  form 
of  mechanical  telephone  was  shown  in 
operation  recently  between  No.  4  Ludgate- 
circus  and  Chancery  Lane,  London.  The 
apparatus  is  the  device  of  Messrs.  A.  A.  Knud- 
son  and  T.  G.  Ellsworth,  and  is  a  modification 
of  the  string  telephone,  with  wire  for  the  string 
(as  employed  by  Mr.  W.  J.  Millar,  of  Glasgow, 
some  years  ago),  and  plaited  willow  chips  for 
the  diaphragm  or  tympan.  The  plaited  willow 
tympan  is  found  to  give  very  good  effects.  It 
is  shielded  by  a  wooden  cover  or  mouthpiece. 
The  call  consists  in  tapping  this  wooden  cover. 
In  the  recent  trials  the  ticking  of  a  watch  was 
heard  distinctly  across  Ludgate-circus.,  and 
whispering  all  the  way  from  Chancery  Lane. 

An  Indestructible,  Self-Depolarizing  and 
Constant  Earth-Connection. — By  Justin 
Malisz. — A  good  earth-connection  is  of  great 
importance  for  telegraphic  purposes,  and  in  the 
protection  of  buildings  against  lightning.  The 
author,  after  drawing  attention  to  the  defects  of 
ordinary  earth-plates,  describes  his  method  of 
preparing  an  earth-connection  which  conducts 
well,  is  self-depolarizing,  and  has  its  junction 
with  the  line  easily  accessible. 

A  hole  about  2  meters  (6£  feet)  deep,  and 
about  1  meter  square,  is  dug  in  the  ground,  and 
a  layer  of  coke  laid  on  the  bottom,  and  firmly 
stamped  down.  A  tube  with  its  lower  end  rest- 
ing on  the  coke  is  placed  against  one  face  of  the 
hole,  and  filled  tightly  with  coke  almost  to  the 
top.  The  hole  is  then  filled  up,  and  the  earth 
rammed  well  round  the  tube,  the  upper  part  of 
which  projects  above  the  surface  of  the  ground. 
A  lump  of  coke  or  retort  carbon,  to  which  a 
copper  band  is  rigidly  attached  by  soldering  or 
pouring  molten  lead  over  it,  is  put  in  the  tube, 
and  a  final  layer  of  coke  pressed  firmly  around  it. 
The  copper  band  projects  from  the  top  of  the 
tube,  and  to  this  band  the  line,  or  the  lightning 
conductor  is  soldered. 

By  this  arrangement  a  constant  earth-connec- 
tion is  obtained,  as  coke  has  a  uniform  conduc- 
ting power  under  all  circumstances,  and  its 
large  surface  ensures  for  the  current  an  easy 
path  to  earth.  The  column  of  coke  in  the  tube 
not  only  enables  the  junction  between  earth 
and  line  to  be  permanently  above  the  ground 
and  easy  of  access,  but  it  has  a  depolarizing  ac- 
tion on  the  bottom  layer  of  coke,  thereby  pre- 
venting'the  prejudicial  effect  of  a  counter  elec- 
tromotive force,  which  in  so  many  cases  renders 
an  ordinary  earth-plate  useless. 

The  author  considers  that  the  coke,  which,  in 
the  upper  part  of  the  tube  is  in  contact  with  the 
air,  condenses  oxygen,  and  can  likewise  absorb 
and  oxidize  the  hydrogen  formed  by  the  cur- 
rent. The  gases  resulting  from  polarization 
rise  through  the  column  of  coke  in  the  tube, 
and  are  dissipated  in  the  air,  and  this  column 
in  virtue  of  its  power  of  condensation  plays  an 
important  part  in  the  depolarization  of  this  form 
of  earth-connection. 


MISCELLANEOUS. 
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hitherto  taken,  the  functions  of  this  accumula-  j 
tor  were  satisfactory.     An  attempt  to  substitute  j 
sulphuric  manganese  for  nitric  lead  in  this  bat- 
tery did  not  answer  the  purpose,  as  the  perox- 
ide of  manganese  separated  itself,  not  in  a  con- 
tinuous layer,  but  in  loose  scales. 

ANTi-For/LiNG  Composition.— A  competitive 
trial  of  some  interest  has  recently  been 
carried  out  by  the  naval  authorities  in  order  to 
test  the  comparative  values  of  two  anti-fouling 
compositions.  They  are  respectively  the  inven- 
tions of  Lieutenant-Colonel  Crease  and  Mr.  Sims. 
The  trials  have  extended  over  a  considerable 
period  of  time,  having  been  commenced  on  the 
Mercury  in  1SS2.  In  that  year  the  port  bow 
and  starboard  quarter  of  the  Mercury  received 


short  joists  between  iron  floor  beams,  roofs, 
coverings  to  iron  columns  and  beams,  sheath- 
ings  for  internally  fired  boilers,  and  steam  pipes. 
Small  cylinders  of  this  material  are  arranged 
with  suitable  coverings,  filled  with  petroleum, 
and  used  for  torches.  Nails  and  screws  can 
be  driven  into  it,  and  it  can  be  cut  to  dimension 
with  edge  tools  as  desired. 

A  New  Process  of  Bleaching. — Mr.  Charles 
Toppan,  the  American  chemist  who  has 
been  identified  with  many  discoveries  in  the 
later  derivatives  of  petroleum  for  surgical  pur- 
poses, as  cerates,  petroleum  jellies,  and  certain 
antiseptic  preparations  which  are  widely  used 
in  hospitals  and  in  private  practice,  has  recent- 
ly been  applying,  on  a  large  scale,   a  certain 


three  coats  of  Colonel  Crease's  protective  com-    solvent  of  vegetable  gums,  which  is  composed 


position  and  two  coats  of  his  anti-fouling  paint. 
At  the  same  time  the  starboard  bow  and  port 
quarter  of  the  same  vessel  received  two  coats  of 
Mr.  Sims'  protective  composition  and  three 
coats  of  his  anti-fouling  mixture.  There  were 
thus  five  coats  on  the  whole  of  the  ship.  The 
difference  in  cost  is  said  to  have  been  £50  less 
on  the  part  allotted  to  Colonel  Crease.  Upon 
the  ship  being  docked  at  the  end  of  twelve 
months  it  was  found  that  the  part  covered  by 
Colonel  Crease  was   generally  in  good  order, 


mainly  of  petroleum  products,  for  the  purpose 
of  bleaching  cotton  goods.  At  the  bleachery 
devoted  to  this  process,  a  number  of  tons  of 
goods  are  finished  daily,  and  the  results  are  of 
the  most  favorable  nature,  the  luster  of  the 
goods  being  excellent,  while  the  action  of  the 
solvent  being  limited  to  the  removal  of  the 
gummy  matter,  the  strength  of  the  fabric  is 
not  impaired,  and  the  loss  in  weight  averaging 
|  oz.  to  the  pound.  It  has  also  been  applied  in 
an  experimental  manner  to  numerous  fibrous 


whereas  the  Sims  division  of  the  ship  required  j  stalks,  as  flax,  ramie,  china  grass,  sisal,  esparto 


repainting.  This  was  in  January,  1883.  It 
was  then  determined  to  have  another  trial,  and 
the  Sims  division  having  been  scraped  clear,  two 
coats  of  both  the  protective  and  anti-fouling 
compositions  were  laid  on.  The  Crease  part  of 
the  bottom  was  washed  only  and  one  coat  of 
protective  and  one  of  anti-fouling  paints  were 
laid  on.  The  difference  in  cost  this  time  was 
£70.  After  about  nine  months  the  ship  was 
docked  again,  when  the  results  were  found  to 
be  somewhat  similar  to  those  above  described. 
A  third  trial  was  then  decided  upon,  and  a  coat 
of  varnish  was  applied  over  the  Sims  protective 
composition  before  the  anti-fouling  mixture  was 
laid  on.  The  final  results  appear  by  the  reports 
to  be  decisively  in  favor  of  Colonel  Crease's 
method. 

PROTECTING  WOODEN  BUILDINGS. — A  very 
simple  method  of  rendering  wood  factory 
buildings  of  greater  resistance  to  fire,  consists  in 
filling  the  spaces  between  the  studding  with  a 
grout  made  of  sand,  lime,  and  a  large  propor- 
tion of  sawdust,  mixed  with  sufficient  water  to 
flow  slowly ;  it  becomes  quite  hard,  is  a  poor 
conductor  of  heat,  and  will  not  ignite  although 
it  is  charred  by  exposure  to  an  intense  fire.  This 
applies  to  a  building  already  constructed,  where 
it  would  be  a  difficult  task  to  remove  the  sheath- 
ing, or  lath  and  plaster  already  on  the  inside 
walls.  Where  the  studding  is  already  exposed 
on  the  inner  side,  the  space  is  frequently  filled 
with  brick,  masonry,  or  large  tiles  made  for  such 
purposes.  A  new  materiafmade  for  such  pur- 
poses in  America  is  called  terra-cotta  lumber, 
and  is  composed  of  top  clay,  which  overlies  the 
firebrick  clay,  mixed  with  equal  or  double  quan- 
tities of  sawdust.  Every  vestige  of  the  sawdust 
disappears  in  firing,  leaving  the  tiles  very  por- 
ous. Its  use  is  not  limited  to  filling  walls,  but 
it  is  applied  to  other  purposes  of  construction 
where  refractory  materials  are  desired,  as  for 


grass,  certain  of  the  cactus  family,  and  even 
the  stalks  of  the  cotton  plant.  In  the  manner 
of  its  application  the  material  is  boiled  in  the 
solvent,  and  afterwards  treated  with  the 
"chemic,"  or  mixture  of  chloride  of  lime  and 
acid,  in  the  usual  manner.  With  the  thick 
stalks  mentioned  above,  a  certain  amount  of 
attrition  is  necessary  during  the  final  washing. 
It  has  also  been  used*to  deglutinize  silk  cocoons, 
the  principal  value  of  its  application  being  in 
its  use  on  perforated  cocoons,  where  in  leaving 
the  chrysalis  for  the  moth  state,  the  grub  cuts 
many  of  the  filaments  and  destroys  the  silk  for 
reeling  purposes.  Reeling  of  silk  is  commer- 
cially successful  only  in  tropical  countries  where 
labor  is  very  cheap,  but  the  processes  of  spin- 
ning damaged  cocoons  is  akin  to  those  carried 
on  in  the  spinning  of  worsted  yarns,  and  car- 
ried on  in  countries  where  organized  mechani- 
cal handicraft  may  be  obtained. 

The  New  British  Iron  Company,  which,  bye- 
the-bye,  is  one  of  the  oldest  iron  manufac- 
turing companies  in  this  country,  has  awoke  to 
the  fact  that  the  printing  machine  may  in  various 
ways  facilitate  the  communication  from  manu- 
facturer to  consumer  of  information,  and  that 
the  latter  will  not  hunt  up  for  himself  when 
there  are  so  many  ready  to  supply  it.  Old  repu- 
tations are  not  sufficient  to  make  new  consum- 
ers run  after  those  possessing  them,  and  hence, 
the  New  British  Iron  Company  has  just  pub- 
lished a  well-executed  catalogue  of  its  manufac- 
tures in  iron  and  steel.  This  company  has  al- 
ways produced  first-class  irons,  and  its  brands, 
Lion,  Corngreaves,  and  Ruabon,  are  known  to 
thousands  who  do  not  know  to  whom  they  be- 
long. The  company  now  makes  steel  by  the 
open-hearth  process  in  six  different  grades,  and 
no  doubt  will  acquire  the  high  reputation  which 
it  has  held  for  iron  manufacture.  The  New 
Iron  Company  was  established  in  1825. 
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A  paper  on  ' '  Zinc  in  drinking  water  "  is  given 
in  the  Journal  of  the  American  Chemical 
Society,  by  Dr.  F.  P.  Venable.  It  has  long  been 
known  that  zinc  dissolves  in  water,  and  that 
soft  water,  such  as  rain  water,  dissolves  it  more 
easily  than  hard  water.  Water  containing  car- 
bonic acid  is  specially  able  to  dissolve  it.  The 
use  of  galvanized  iron  for  pipes  and  tanks  being 
so  much  on  the  increase,  the  subject  becomes 
more  and  more  important,  and  it  is  desirable  to 
ascertain,  as  for  as  possible,  to  what  extent  so- 
lution of  the  zinc  coating  takes  place,  and  how 
far  water  contaminated  by  zinc  is  injurious  to 
health.  The  author  quotes  several  investigators 
as  to  the  latter  point,  the  evidence  being  to 
some  extent  conflicting,  but  giving  a  very  de- 
cided balance  on  the  one  side  of  the  view  that 
such  water  is  considerably  injurious.  Investi- 
gations made  on  behalf  of  the  French  Govern- 
ment resulted  in  the  prohibition  by  the  Ministry 
of  Marine  of  the  use  of  galvanized  iron  tanks 
on  board  of  men-of-war.  Professor  Heaton  has 
given  an  analysis  of  a  spring  water,  with  a  fur- 
ther analysis  of  the  same  water  after  it  had  trav- 
eled through  half  a  mile  of  galvanized  iron  pipe. 
It  had  taken  up  6.41  grains  of  zinc  carbonate 
per  gallon.  Dr.  Venable  gives  the  results  of  an 
observation  of  his  own,  where  spring  water 
passed  through  200  yards  of  galvanized  iron 
pipes  to  a  house,  and  took  up  4.29  grains  of  zinc 
carbonate  per  gallon.  It  seems  pretty  clear 
that  drinking  water  should  not  be  allowed  to 
come  in  contact  with  zinc. 

Rainfall  of  Salt  Lake  City. — The  follow- 
ing table  of  rainfall  is  compiled  from 
records  kept  at  Fort  Douglas  from  1865  to  1875, 
and  from  that  date  to  January  1st,  1885,  from 
the  U.  S.  Signal  Office  in  this  city : 
Table  No.  1. 


Years.  Ins.  Eain. 

1865 15.51 

1866 22.29 

1867 26.14 

1868 17.25 

1869 22  32 

1870.  ' 20.96 

1871.-... 23.12 

1872 18.12 

1873 17  37 

1874 19.55 


Years.  Ins.  Rain. 

1875 21.07 

1876 18.31 

1877 14.52 

1878 17.86 

1879 ...13.11 

1880 10.94 

1881 16.88 

1882 16.00 

1883 14.24 

1884 17.52 


Mean  of  20  years , 18.15 

From  this  table  we  learn,  that,  for  twenty 
years  past,  the  average  annual  rainfall  in  this 
valley  has  been  18.15  inches  :  and  the  smallest 
amount  recorded,  10.94  inches,  in  the  year  1880. 
From  the  same  source  it  is  also  ascertained,  that 
the  average  summer  rainfall,  or  rather  that 
which  occurs  between  the  middle  of  May,  and 
middle  of  September,  has  been  3.31  inches. 
Since  we  cannot  predicate  the  available  water, 
upon  any  other  than  the  delivery  of  a  very  dry 
season,  that  of  1880,  the  driest  known  for  20 
years,  has  been  adopted  as  the  basis  for  obtain- 
ing the  least  fall  of  rain  upon  the  various  drain- 
age basins. 

With  the  view  of  improving  the  harbor, 
the  Ayr  Harbor  trustees  have  resolved 
to  pile  the  north  wall  for  a  distance  of  300  ft.  at 
a  cost  of  £2,000. 


Fieepeoof  Doors. — The  most  efficient  fire- 
proof doors  are  wood  covered  with  tinned 
iron.     The  door  is  made  of  two  thicknesses  of 
tongued  and  grooved  boards,  crossing  each  other 
diagonally  and  thoroughly  nailed  together.    The 
sheets  of  tin  are  bent  over  at  the  edges,  forming 
locked  joints  as  in  a  tinned  roof ;  it  is  import- 
ant that  the  edges,  as  well  as  the  sides  of  the 
door,  be  covered,  as  its  resistance  to  heat  lies  in 
the  fact  that  the  fire  cannot  burn  the  wood  thus 
protected  against  exposure  to  the  air,  nor  can  it 
warp  it,  as  is   the  case  with  an  iron  fire-door 
subjected  to  slight  heat.     If  a  fireproof  door  is 
hung  on  hinges,  especial  care  must  be  taken  to 
insure  their  security  by  fastening  them  to  the 
door  by  means  of  bolts,  rather  than  screws,  and 
connecting  them  to  the  wall  in  an  equally  secure 
manner.   "The  latches  should  be  selected  with  a 
view  to  durability,  as  such  a  heavy  door  is  apt 
to  be  destructive  of  weak  latches.     Where  the 
position  of  the  doorway  permits  sliding  doors, 
it  is  preferable  to  have  them  on  tracks,  care  be- 
ing taken  that  the  cleats  be  placed  on  the  floor 
each  side  of  the  doorway,  so  as  to  secure  the 
door  at  its  lower  corners  when  shut.     In  the 
Boston  Storage  Warehouse,  U.S.,  there  area 
large  number  of  such  doors  in  the  fire  walls, 
arranged  to  close  an  electric  circuit  when  they 
are  all  shut,   and  the  fact  is  recorded  on  the 
paper  dial  of  the  watchmen's  clock  at  certain 
intervals.     Fireproof  doors  are  frequently  ar- 
ranged to  close  in  advance  of  a  fire  by  means  of 
the  yielding  of  the  alloy  fusible  at   160  deg. 
Fahr.     The   track  upon  which  such  a  door  is 
hung  inclines  about  1  foot  in  8  feet,  and  the 
door  kept  from  closing  by  means  of  a  round 
stick  about  1  inch  in  diameter,  which  reaches 
from  one  edge  of  the  door  to  the  opposite  side 
of  the  door  frame.     At  the  middle  the  stick 
is  cut  in  two  diagonally,  and  a  ferrule  made 
of  two  pieces  of  thin  copper  soldered  together 
longitudinally  with  the  fusible  alloy,  covers  the 
joint  in  the  stick.     When  this  ferrule  is  exposed 
to  a  temperature  of  160  deg.  Fahr.,  its  yielding 
causes  the  ferrule  to  split  open,  and  the  stick 
separates  into  pieces  and  allows  the  door  to 
shut.  In  order  that  the  stick  shall  not  fall  in  the 
way  of  the  door,  and  that  the  door  may  be  shut 
at  any  time,  the  stick  is  connected  to  the  top  of 
of  door  frame  by  small  chains  near  to  each  end. 
This  simple  device  was  designed  by  Mr.  Lewis 
T.  Downes,  president  of  the  What  Cheer  Mutual 
Insurance  Company.    Another  method  of  utiliz- 
ing this  fusible  alloy  to  close  fireproof  doors  and 
shutters,  is  by  means  of  a  wire  extending  around 
the  room,  and  containing  in  various  places  links 
made  of  two  pieces  of  brass  soldered  together. 
When  the  solder  melts  and  allows  the  two  pieces 
of  brass  to  separate,  the  wire  allows  the  shutter  or 
door  to  close.     Mr.  Frederick  Grinnell  has  im- 
proved the  ordinary  link  by  cutting  a  slot  in  one 
of  the  pieces  of  brass,  and  laying  a  short  bit  of  wire 
therein,  when  they  are  being  soldered  together  ; 
the  solder  flowing  around  this  wire  presents  a 
resistance  in  three  planes,  in  place  of  the  ordi- 
nary joint,  which  may  be  imperfect  and  lies  in 
a  single  plane,  concealed  by  the  sheet  brass  so 
as  to  prevent  inspection.     Formerly,  solid  links 
of  fusible  alloy  were  used,  but  the  metal  has  so 
little  resilience  that  it  is  apt  to  gradually  length- 
en, and  finally  break  at  some  inopportune  time. 
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II. 


DISCUSSION. 

Mr.  Walter  R.  Browne  wished  to  say, 
before  the  discussion  commenced,  that  the 
current  meter  used  was  exhibited  on  the 
table ;  and  Mr.  Shaw,  who  had  designed 
it,  was  present,  and  would  be  happy  to 
answer  any  questions  as  to  its  construc- 
tion, or  as  to  any  practical  details  in  carry- 
ing out  the  experiments.  Another  remark 
which  he  desired  to  make,  had  reference 
to  a  passage  he  had  quoted  from  Mr. 
Richardson  : — "  If  any  one  will  look  care- 
fully at  the  different  streams  in  the  neigh- 
borhood, he  will  see  little  streams  with 
little  estuaries,  medium  streams  with  mid- 
dle-sized estuaries,  and  big  streams  with 
large  estuaries  ;  the  channel  formed  being 
always  in  proportion  to  the  amount  of 
fresh  water."  In  a  valuable  note  upon 
his  paper,  which  had  been  sent  to  him 
from  Burmah,  Mr.  Robert  Gordon,  M. 
Inst.  C.  E.,  while  in  a  great  measure  as- 
senting to  Mr.  Browne's  conclusions,  took 
exception  to  that  passage,  and  said  it  was 
contrary  to  his  own  experience,  and  to 
the  facts  with  regard  to  the  rivers  in  the 
East,  and  also  on  the  west  coasts  of  Scot- 
land and  Norway.  He  would  not  go  into 
the  question  of  the  rivers  of  the  East, 
with  which  he  was  not  acquainted ;  but 
he  was  desirous  of  pointing  out  that  Mr. 
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Richardson's  remarks  and  his  deductions 
from  them,  only  applied  to  rivers  that  ran 
into  the  sea  through  flat  alluvial  lands — 
the  only  cases  where  there  was  much  mud, 
and  where  the  question  of  tidal  scour 
came  into  prominence.  In  such  cases  as 
those  of  the  glens  of  Scotland  and  the 
fiords  of  Norway,  the  outline  of  an  estu- 
ary was  simply  the  contour  line  of  a  par- 
ticular level  in  the  old  valley,  which  valley 
had  been  scooped  out  by  ice,  or  by  sub- 
aerial  waste,  or  by  whatever  agent  geolo- 
gists might  finally  agree  upon  as  that  by 
which  valleys  were  excavated — that  level 
being  what  happened  to  be  high-water 
level  at  the  present  day,  and  having  no  re- 
lation to  any  question  of  scour.  In  fact, 
in  all  such  cases  the  waters  were  perfectly 
clear  both  outside  and  inside  the  fiord, 
and  there  was  practically  no  scour  at  all. 
Mr.  W.  Shelf ord  was  under  the  impres- 
sion that  the  paper  was  founded  upon 
erroneous  premises  and  imperfect  experi- 
ments, and,  as  the  conclusion  was  con- 
demnatory of  the  whole  modern  school  of 
engineering,  it  was  revolutionary.  The 
author's  first  line  of  argument  was  that 
the  silt  which  tended  to  choke  up  tidal 
channels  was  almost  wholly  due  to  tidal 
water,  and  not  to  the  fresh  water;  and 
many   others   of   that   opinion;    but  he 
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would  state  why  he  differed  from  them. 
It  would  be  admitted  that  such  rivers  as 
discharged  into  tideless  seas,  like  the  Nile 
and  the  Tiber,  delivered  whatever  ma- 
terial was  in  the  waters  into  the  seas,  and 
formed  deltas,  such  deltas  having  existed 
for  centuries,  that  of  the  Nile  being  100 
miles  wide,  and  that  of  the  Danube  50 
miles  wide.  The  author  had  referred  to 
the  Parret,  and  stated  that  the  mud  near 
Bridgewater,  from  which  Bath  bricks  were 
made,  came,  not  from  the  watershed  of 
the  Parret,  but  from  a  cliff  of  sandy  clay 
below.  Mr.  Shelford  did  not  know  the 
Parret  sufficiently  to  be  able  to  contest 
that  point,  but  he  was  well  acquainted 
with  the  Humber,  and  was  aware  that  it 
was  one  of  the  best  tidal  rivers,  dis- 
charging the  largest  amount  of  fresh 
water  of  any  river  in  England,  and 
also  being  the  most  muddy  river  in  Eng- 
land. Eor  years  the  origin  of  the  mud 
had  perplexed  many  minds.  It  had  been 
argued  that  it  came  from  the  degradation 
of  the  sea  coast  between  Spurn  Point  and 
Flamborough  Head,  a  length  of  30  miles, 
where  the  wasting  of  the  cliff  was  very 
great,  averaging  2J  yards  in  width  per 
annum.  His  own  belief  was  that  the  mud 
came  from  the  watershed  of  the  Humber, 
which  was  10,000  square  miles,  and  that 
the  rain  falling  upon  that  watershed 
brought  down  with  it  a  quantity  of  de- 
posit, depending  upon  the  volume  of  fresh 
water,  into  the  estuary,  and  it  could  go 
nowhere  else.  The  coast  degraded  by 
the  sea  was  30  miles  long  by  J  mile  wide, 
say,  7£  square  miles  as  against  10,000. 
Besides,  all  the  material  derived  from  the 
cliff  could  not  enter  the  Humber,  because 
it  was  first  scattered  about  the  sea,  and  a 
great  part  of  the  water  passing  the  cliff 
never  entered  the  Humber  at  all.  Then 
it  should  not  be  forgotten  that  the  rate 
of  transport  of  silt,  or  of  matters  in  sus- 
pension in  a  tidal  channel,  was  much  less 
than  that  of  a  fresh- water  channelinto  a 
tideless  sea.  The  transport  of  such  rivers 
as  the  Nile  and  the  Danube,  which  con- 
tained large  quantities  of  silt,  would  be 
found  to  be  at  least  a  hundred  times  that 
of  the  transport  of  a  tidal  river.  He 
founded  his  observation  upon  experiments 
made  by  Mr.  Bateman,  Past-Pres.  Inst. 
C.  E.,  of  the  progress  of  sewage  in  the 
Clyde,  which  he  believed  was  at  the  rate 
of  5  miles  in  a  fortnight ;  and  that  had 
been  confirmed   by   observations   subse- 


quently taken  in  the  Thames.  The  ma- 
terial which  came  down  from  rivers  dis- 
charging into  a  tideless  sea  was,  in  a  tidal 
estuary,  carried  backwards  and  forwards, 
and  could  find  no  rest.  At  the  mouth  of 
the  Humber  and  of  the  Thames  there  was 
no  delta,  while  at  the  mouth  of  rivers  dis- 
charging into  tideless  seas  there  were 
large  deltas ;  and  the  obvious  conclusion 
was  that  the  material,  for  the  most  part, 
traveled  backwards  and  forwards.  Some 
of  it,  no  doubt,  was  deposited  on  the 
sides  ;  that  was  the  case  with  the  Thames 
and  the  Humber,  where  the  whole  width 
of  the  estuaries  had  been  narrowed  con- 
siderably within  historical  periods,  but 
the  tidal  action  was  better  than  ever.  To 
prove  that  it  was  tidal  action,  he  might 
mention  that  the  low  water  at  London 
Bridge  was  lower  than  low  water  at  sea. 
That  could  only  happen  by  the  action  of 
the  tide,  and  could  not  take  place  if  it 
were  a  low- water  river  discharging  into  a 
motionless  body  of  water,  such  as  the  au- 
thor has  described.  The  second  argu- 
ment of  the  author  was  that,  on  the  whole, 
the  tidal  water  tended  to  choke  the  chan- 
nel, and  not  to  scour  it.  Before  that 
could  be  established,  some  awkward  facts 
would  have  to  be  got  rid  of.  The  Tiber  and 
the  Thames  were  fairly  comparable  rivers 
above  Rome  and  London.  At  its  outfall 
the  Tiber  was  a  river  whose  function  was 
simply  to  discharge  the  fresh  water  that 
came  down  past  Rome.  Its  channel  was 
not  passable  for  a  boat ;  it  was  only  18 
inches  in  depth,  and  it  Was  encumbered  by 
shoals  thrown  up  by  storms  at  sea.  The 
Thames,  on  the  other  hand,  was  a  mag- 
nificent river.  The  author  did  not  ap- 
pear to  be  satisfied  with  his  experiments 
on  the  first  day,  and  therefore,  they  were 
repeated  six  months  later — he  supposed 
with  the  little  instrument  exhibited — and 
found  some  results  which  were  certainly 
most  interesting,  if  true.  They  were  sur- 
prising even  to  the  author,  but  he  had 
not  repeated  them;  and  Mr.  Shelford 
ventured  to  think,  knowing  as  he  did  the 
difficulty  of  making  such  experiments 
with  accuracy,  that  unless  they  were  re- 
peated frequently,  there  was  nothing  in 
them  to  justify  the  conclusion  which  the 
author  had  drawn. 

Prof.  W.  C.  Unwin  thought  it  might 
be  interesting  to  place  alongside  the  me- 
ter used  for  the  author's  experiments,  one 
or  two  meters  in  his  possession.     One  of 
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them,  received  from  France,  was  a  double 
Pitot  tube,  and  had  been  employed  by 
Darcy  and  Bazin  in  the  most  celebrated 
series  of  researches  ever  made  on  the  flow 
of  water   in   channels ;  it  was,   however, 
only  applicable  in  channels  of  moderate 
depth.     He  had  also  one  of   the  latest 
forms  of   German  current   meters,  which 
might  compare  with  that  adopted  by  the 
author.     It   could  be  used  in  the  same 
way  as  the  ordinary  current  meter.     It 
had  a  screw  fan  and  a  counter ;  it  could 
be  put  on  a  staff,  and  had  a  rudder  for 
directing  it  in  the  direction  of  the  cur- 
rent.   There  was,  however,  one  difference 
from    the   ordinary   meter.      The   great 
weakness  of  the  English  form  of  meter 
was  the  disengaging  arrangement  for  put- 
ting the  counter  into  and  out  of   gear. 
The  meter  to  which  he  had  referred,  had 
a  double  ratchet  arrangement.     Alternate 
pulls,  of  whatever  strength,  put  the  count- 
er into  gear  and  out  of  gear.     A  second 
defect  in  the  English  form  was  that  it 
had  to  be  taken  out  of  the  water  for  every 
observation,  which  involved  a  great  waste 
of  time.     In  the  German  meter,  that  dif- 
ficulty was  got  over  by  an  arrangement, 
which  might  be  used  or  not,  of  an  elec- 
tric bell,  which  sounded  at  every  hundred 
revolutions.     The   meter   could  be  sent 
down  in  the  ordinary  way,  connected  with 
the  battery,  and  while  it  was  under  water 
the  bell  sounded  at  every  hundred  revo- 
lutions.     It   was  only  necessary  to  have 
a  stop  watch,  and  to  note  the  time,  say, 
at   every   two   hundred  or  five   hundred 
revolutions,  and  the  observations  could 
be  repeated  as  often  as  was  required  with- 
out moving  the  meter.     A  third  defect  in 
the  ordinary  meter  was  that  it  could  only 
be  used  on  a  staff,  and  that  limited  its 
use  to  comparatively  moderate  depths  ;  at 
all  events,  its  use  in  great  depths  was  ex- 
tremely inconvenient.     The  German  me- 
ter could  be  fixed  on  a  universal  joint  and 
suspended  from  a  wire.     It  had  a  pecu- 
liar  form  of    rudder ;   it   was   perfectly 
balanced  in   the   water,  and  it  had   be- 
low a  large  weight  of  60  lbs.     There  was 
a  rather  ingenious  crane  by  which  it  could 
be  lowered,  and  which  had  a  further  func- 
tion of  registering  the  depth  of  the  meter. 
In  addition  there  was  a  contrivance  for 
using  the  meter  for  sounding,  an  electric 
signal  noting  the  arrival  of  the  weight  at 
bottom.     Professor  Harlacher,  who  had 
made   more   experiments   on    the   screw 


meter  than  anyone  else,  had  effected  some 
further  improvements  in  the  instrument. 
He  objected  to  the  free  swinging  of  the 
meter,  and  he  had  shown  some  methods 
of  getting  over  that  objection  in  a  work 
to  which  he  need  not  further  allude. 

On   reading   the  paper   it   seemed   to 
him  as  though  the  author  thought  it  de- 
sirable that  accepted  theories  should  be 
occasionally  attacked,  and  that  it  was  well 
to  be  forced  to  look  carefully  into  the 
grounds  on  which  the  opinions  of  engi- 
neers were  founded.     But  there  were  as- 
sertions in  the  paper  which  could  hardly 
be  supported.     When  he  found  it  stated 
that  all  channels  which  had  no  upland 
waters  completely  silted  up ;  that  it  was 
a  well-known  fact  that  all  ordinary  rivers 
kept  a  constant  regimen ;  that  silt  was 
deposited  most  thickly  in  the  deepest  part 
of  the  river,  in  spite  of  the  fact  that  in 
the  deepest  part  of  a  river  the  velocity 
was  greatest ;  when  he  was  assured  that 
in  very  deep  rivers  the  bottom  velocity 
was  the  same  as  the  top  velocity;  and 
when,  in  support  of  that  statement,  there 
were   quoted   the  experiments  of  Hum- 
phreys  and  Abbot   on   the   Mississippi, 
although   those    authors    believed    that 
they  had  established  the  fact  that  the 
vertical  velocity  curve  in  a  river  was  a 
parabola  with  a  horizontal  axis  at  one- 
third  the  depth  from  the  surface,  so  that 
the   bottom  velocity  must   be  less   than 
the  top  ;  when  he  was  told  that  for  main- 
taining the  channel  the  entrance  of  tidal 
water  could  be  nothing  but  an  evil ;  he 
was  forced  to  conclude  that  the  author 
had  been  somewhat  rash  in  his  assertions. 
There  was  a  mathematical  calculation,  in 
which  the  square  of  the  velocity  of  the 
river  was  made  proportional  not  to  the 
slope  of  the  river  but  to  the  depth  of  the 
river.     He  could  not  help  thinking  that 
the  author  had  been  pushing  to  an  ex- 
treme his  argument  for  a  cause  which  was 
not  a  very  strong  one.     The  title  of  the 
paper   was,  "  On   the   Kelative  Value  of 
Tidal  and  Upland  Waters,"  but  through- 
out  the   whole   paper   no   mention   was 
made,  except  in  one  paragraph,  of  upland 
waters.     The  author  had  dealt  with  what 
he  called  the  low-water  flow  of  the  river. 
Now,  the  low-water  flow  and  the  upland 
waters  were  totally  different.     It  was  de- 
sirable  to  understand  exactly  what  the 
low-water  flow  of  a  river  was.     For  this 
purpose  reference  might  be  made  to  Mr. 
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D.  Stevenson's  book,*  where  a  diagram 
was  given  of  the  tidal  wave  at  two  points  9 
miles  apart,  in  the  Dornoch  Firth  in  Scot- 
land, the  first  point  being  where  the  sea 
wave  was  almost  unaffected  by  the  ob- 
structions of  the  river,  and  the  second 
where  the  obstructions  had  shortened  the 
time  of  the  flow  and  increased  the  time 
of  the  ebb.  The  diagram  showed  a  per- 
fectly flowing  curve  from  the  top  of  high 
water,  and  there  was  no  time  at  which 
the  low-water  flow  did  not  contain  a  large 
proportion  of  tidal  water.f  During  the 
last  month  or  two  he  had   become  ac- 


determining  the  exact  quantity  of  tidal 
water  at  the  different  sections  of  a  river, 
and  Herr  Lohmann  had  carried  out  a  re- 
markable investigation  of  the  flow  of 
water  in  different  sections  of  the  Elbe 
without  any  use  of  the  current  meter. 
At  a  series  of  thirty  or  forty  stations 
along  the  length  of  the  river,  there  were 
observers,  noting  at  the  end  of  each  hour 
the  height  of  the  river,  and  thus  curves 
of  the  water  surface  were  obtained  for 
each  hour  up  to  the  point  where  the  tidal 
influence  ceased.  Suppose  two  of  these 
curves  plotted,  say,  for  twelve  o'clock  and 


Distance  from  the  Tidal  Limit 
Kilometres 


IFig.  7 


Tidal  Wave  of  the  Elbe. 


quainted  with  some  researches  on  the 
Elbe,  and  he  had  drawn  from  a  paper  of 
Herr  Lohmann  four  tidal  waves  observed 
in  that  river  (Fig.  7)  ;  the  first  was  eight 
kilometers  below  the  point  where  the 
tidal  influence  absolutely  ceased,  the  next 
at  31  kilometers,  the  next  at  90,  and  the 
next  at  200.  In  all  those  curves  the  low- 
water  flow  consisted  chiefly  of  tidal  wa- 
ter. But  engineers  were  not  restricted  to 
the  use  of  current  meter  observations  in 

*  Vide  "  The  Principles  and  Practice  of  Canal  and 
River  Engineering,"  2d  edition,  1872,  p.  62. 

t  This  was  perhaps  stated  too  absolutely.  It  would 
not  be  true  of  portions  of  the  river  near  the  limit  of 
the  tidal  action.— W.  C.  U. 


one  o'clock,  it  was  obvious  that  past  any 
section  there  had  flowed  into  or  out  of  the 
river  during  that  hour  a  volume  of  water 
equal  to  the  space  between  the  river  sur- 
face curves  above  the  section  +  the  up- 
land water  if  the  river  was  falling,  —  the 
upland  water,  if  the  river  was  rising. 
Herr  Lohmann  had  drawn  the  curve  of 
the  water  surface  of  the  river  for  each 
hour  of  one  tide,  and  from  that  he  had 
calculated  the  quantity  of  water  flowing- 
past  different  sections  at  each  hour. 
The  results  were  plotted  in  Fig.  8.  The 
horizontal  line  represented  140  kilome- 
ters.    The  minute   space    between    the 
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Fig.  8. 


Volumes  of  Flow  for  one  Tide. 


black  line  and  the  dotted  line  represented 
the  quantity  of  upland  water  flowing 
down  the  river.  The  quantity  of  tidal 
water  passing  each  section  was  represent- 
ed by  the  ordinate  of  the  upper  curve 
for  the  flood,  and  of  the  lower  curve  for 
the  ebb.  Between  the  two  small  curves 
at  the  bottom  was  the  quantity  of  water 
remaining  in  the  river  at  the  end  of  the 
ebb.  Comparing  the  enormous  quantity 
of  the  flow  at  almost  all  sections  of  the 
river  during  the  flood  and  during  the 
ebb  with  the  minute  quantity  of  upland 
water,  it  would  be  tolerably  obvious  that 
throughout  the  greater  portion  of  the 
tidal  part  of  the  river  the  tidal  water 
must  have  a  much  greater  influence  than 
the  upland  water.  But  Hen  Lohmann 
was  not  quite  satisfied  with  the  curves, 
and  he  had  tested  the  thing  in  another 
way.  He  had  calculated  the  quantity  of 
water  flowing  in  one  hour  for  each  meter 
breadth  of  the  river,  in  percentage  of  the 
upland  water.  As  the  river  approached 
its  mouth  it  got  wider,  and  with  upland 
water  alone  so  wide  a  channel  would  not 
be  maintained  ;  still  it  might  be  useful  to 
find  what  the  quantity  of  the  flow  was 
for  each  part  of  the  river,  and  Herr  Loh- 
mann had  given  the  necessary  data. 

That  seemed  to  show  that  not  only  the 
total  flow  of  water,  but  the  scouring  ac- 
tion per  square  foot  of  bottom,  steadily 
and  largely  increased  from  the  point 
where  the  tide  ceased  downwards  to  the 
mouth  of  the  river.  To  this  the  author 
raised  the  objection  that  the  silt  in  the 


Mean  Hotjely  Flow  pee  Metee  Width  op 
rlvee  at  dlffeeent  sections,  in  feao- 
tions  of  Upland  Watee. 
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river  was  brought  up  by  the  flood-water, 
and  he  referred  to  the  fact,  that  while 
river  water  was  comparatively  clean,  the 
tidal  water  going  up  and  down  was  very 
muddy.  The  greater  muddiness  of  the 
water  in  the  estuary,  compared  with  the 
water  in  the  river  above,  merely  proved 
that  the  tidal  water  had  very  large  scour- 
ing power — it  had  scoured  the  bottom  of 
the  river  much  more,  and  had  become 
much  more  muddy.  It  still,  therefore, 
remained  a  question,  what  became  of  the 
muddiness  of  the  water  in  the  tidal  com- 
partment of  the  river?  There  was  no 
doubt  that  the  tidal  water  coming  into 
the  river  was  clean  sea  water,  and  the 
water  going  out  into  the  sea  was  no  long- 
er clean  sea  water  ;  it  was  not  only  mud- 
dier than  the  river  water,  but  it  was  very 
much  greater  in  volume ;  therefore,  the 
muddiness  in  the  estuary  was,  he  thought, 
mainly  carried  out  to  sea.  But  the  ques- 
tion was  one  which  required  a  different  in- 
vestigation from  any  then  before  the  mem- 
bers. The  author  had  quoted  a  number  of 
instances  where,  on  the  shallow  shores  of 
estuaries,  and  in  the  case  of  the  Parret  on 
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specially  prepared  shelves,  there  was  a 
deposit  of  silt.  But  he  had  ignored  the 
fact,  that  in  one  section  of  the  river  there 
might  be  going  on  at  the  same  time  a 
scour  in  the  middle  part  of  the  channel 
and  a  silting  up  on  the  sides.  He  could 
not  find  any  case  mentioned  in  the  paper 
which  might  not  be  explained  in  that  way. 
There  were  one  or  two  points  with 
reference  to  the  experiments  to  which  he 
should  like  to  allude.  There  was,  he 
thought,  throughout  the  paper  a  miscon- 
ception about  the  action  of  the  water  in  a 
river — that  at  a  given  point  there  was  a 
definite  velocity;  for  example,  at  6  feet 
below  the  surface  and  at  20  feet  from  the 


I  posed  on  the  general  motion  of  transla- 
tion of  the  water.  Prof.  Harlacher  had 
tested  that  in  a  curious  way.  He  had 
connected  one  of  the  electric  current  me- 
ters with  a  very  delicate  recording  instru- 
ment, like  Morse's  telegraphic  recording 
strip,  and  had  thus  recorded  every  revolu- 
tion of  the  meter.  The  result  was  shown 
roughly  in  Fig.  9,  and  it  would  be  seen, 
from  one  observation  near  the  surface  and 
one  near  the  bottom,  how  enormously  the 

|  velocity  varied  during  a  period  of  one 
minute.  One  thing  was  certain,  that  the 
inertia  of  the  meter  reduced  the  fluctua- 

1  tions  of  the  curve.  The  meter  was  more 
or   less  heavy ;  and  if   it  were  perfectly 
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A,  meter  near  the  surface ;  B,  meter  near  the  bottom. 


bank.  He  believed  that  was  an  absolute 
delusion.  The  motion  of  the  water  was, 
for  theoretical  purposes,  often  treated  as 
if  it  were  motion  in  plane  layers  at  a 
steady  velocity ;  but  the  actual  motion  of 
the  water  was  immensely  more  compli- 
cated. The  amount  of  viscous  resistance 
of  water  was  absolutely  known,  and  it  had 
been  clearly  shown  that,  if  the  water 
moved  in  simple  plane  layers,  rivers  would 
have  some  hundreds  of  times  their  actual 
velocity.  The  fact  was,  that  in  a  river  an 
enormous  amount  of  work  was  wasted, 
and  there  was  an  enormous  amount  of  re- 
tardation, from  eddying  motions  super- 


weightless  the  curves  would  vary  much 
more  than  they  did  in  the  diagram.  The 
author  stated  that  it  was  an  obvious  fact 
that  the  scouring  action  of  any  current 
was  solely  due  to  the  layers  of  water  in 
proximity  to  the  sides  and  bottom.  But 
that  statement  seemed  in  two  ways  in  er- 
ror. The  scour  was  due  to  the  eddying 
agitation  of  the  water,  which  did  not 
necessarily  depend  on  the  mean  local  ve- 
locity at  the  bottom  of  the  river.  In  the 
next  place,  suppose  the  silt  to  be  scoured 
up  by  the  water  and  mixed  with  a  body  of 
water,  it  was  then  carried  down  stream, 
again  deposited  somewhere,  again  scoured 
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up  and  deposited,  till  it  got  out  to  sea. 
The  rate  of  transport  of  the  silt  down  the 
river  depended,  not  on  the  bottom  veloc- 
ity, but  on  the  mean  velocity,  and  it  would 
be  more  rapid  in  a  river  which  had  a  high 
mean  velocity,  than  in  a  river  which  had 
a  low  mean  velocity.  The  rate  of  trans- 
port down  the  river  should  be  considered, 
as  well  as  the  rate  at  which  the  silt  was 
picked  up  from  the  bottom.  He  thought 
the  author  had  not  been  fortunate  in  his 
selection  of  results  as  to  the  vertical  ve- 
locity curve.  He  had  sought  to  prove 
that  there  was  a  certain  ratio  between 
surface  and  bottom  velocity,  and  for  that 
purpose  had  compared  a  number  of  ex- 
periments. He  did  not  like  to  deal  with 
a  question  of  that  sort  without  first  con- 
sidering it  in  the  author's  way,  and  he 
had  worked  out  some  of  the  results  of 
Harlacher's  observations,  which  had  been 
carried  out  with  more  care  than  any  pre- 
vious experiments.  Harlacher  had  been 
testing  some  sections  of  the  Danube 
where  the  depth  reached  8  meters,  and 
some  sections  of  the  Elbe  where  the  depth 
was  only  2  meters,  and  he  had  given  the 
proportion  of  bottom  to  surface  velocity, 
which  was  greater  in  the  deep  stream  and 
less  in  the  shallow  stream.  He  did  not 
place  much  reliance  upon  the  result,  but  it 
showed  that  by  taking  a  small  number  of 
experiments,  almost  any  result  might  be 
obtained.  The  author  seemed  to  place 
some  reliance  upon  the  results  obtained 
by  M.  Revy  in  South  America.  They 
were  made,  no  doubt  with  extreme  care 
and  under  exceptionally  difficult  circum- 
stances, and  they  resulted  in  an  altogether 
extraordinary  law  as  to  the  vertical  veloc- 
ity curve  in  a  river.  Revy  found  that  the 
velocity  varied  inversely  as  the  depth; 
but  that  was  contradicted  by  every  other 
experiment,  and  it  could  not  be  received 
as  a  general  law.*  The  author  in  sum- 
marizing the  results,  had  arrived  at  a  con- 
clusion that  in  very  large  rivers,  the  bot- 
tom velocity  was  practically  the  same  as 
the  surface  velocity.  Not  only  was  this 
mechanically  impossible,  but  to  obtain 
this  law  he  had  discarded  M.  Revv's  re- 


*  Probably  Bazin's  formula  was  the  best  expression 
for  the  relation  of  the  maximum  and  bottom  velocity 

Vb  =V-36.3  V~hl 
where,  vij  =  bottom  velocity ;  V=  maximum  velocity ; 
h=  depth,  and  i=  slope.  But  obviously  it  depended 
on  the  roughness  of  the  bottom  and  other  considera- 
tions, which  could  not  at  present  be  taken  into  ac- 
count.—W.  C.  U. 


suit,  which  he  had  previously  quoted,  and 
he  relied  on  the  Mississippi  results,  which 
were  altogether  different ;  lastly,  he  relied 
upon  some  experiments  by  Mr.  Gordon, 
on  the  Irrawady.  Those  who  knew  what 
had  been  doing  in  hydraulics  would  be 
aware  that  there  was  something  peculiar 
about  those  experiments.  Seven  thou- 
sand series  of  observations  had  been  sent 
by  Mr.  Gordon  to  the  great  French  hy- 
draulician,  M.  Bazin,  and  the  only  way 
in  which  M.  Bazin  could  deal  with  them 
was  by  getting  a  series  of  computers  to 
work  at  them,  so  as  to  average  them,  and 
then  the  singular  result  was  arrived  at 
that,  as  a  river  rose  in  the  flood,  the 
bottom  velocity  got  higher  and  higher, 
and  that  at  last  the  bottom  was  greater 
than  the  top  velocity.  He  believed  the 
experiments  were  made  with  the  greatest 
care,  and  with  enthusiasm ;  but  he  thought 
with  M.  Bazin,  that  there  were  some  lo- 
cal conditions  which  altered  the  result,  or 
that  the  method  of  experiment  was  one 
which  did  not  admit  of  accuracy.  It  was 
curious  that  the  two  sets  of  experiments 
which  had  given  trouble  in  regard  to  the 
theory  of  rivers  were  the  Mississippi  ex- 
periments and  Mr.  Gordon's.  Both  of 
them  had  been  made  by  a  peculiar  meth- 
od of  using  double  floats. 

The  scouring  action  in  a  river  was  at- 
tributed by  the  author  to  direct  action  of 
the  low- water  stream,  and  thence  the  con- 
clusion was  drawn  that  the  entrance  of 
tidal  water  into  a  river  was  nothing  but 
an  evil.  Now  there  was  a  way  of  admit- 
ting that  the  upland  waters  assisted  the 
tidal  waters,  which  did  not  involve  such  a 
conclusion.  No  doubt  the  upland  waters 
did  act  powerfully  in  maintaining  the  up- 
permost section  of  the  tidal  compartment 
of  the  river,  the  only  part  of  the  river 
where  the  tidal  influence  was  likely  to  be 
prejudicial.  By  maintaining  this  portion 
of  the  channel,  part  of  the  tidal  reservoir 
was  conserved,  and  thus  indirectly  as- 
sisted in  maintaining  the  river  lower  down. 
But  if  this  was  the  way  in  which  upland 
water  acted,  it  still  remained  a  canon  of 
practice  in  river  improvement  to  facilitate 
in  every  way  the  volume  and  rapidity  of 
the  tidal  flow. 

Mr.  J.  B.  Redman  said  that,  whatever 
opinion  might  be  formed  as  to  the  deduc- 
tions drawn  by  the  author,  all  must  ac- 
knowledge an  indebtedness  to  him  in 
bringing  forward  for  the  first  time  an  ex- 
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ceedingly  important  subject.  Accepting 
the  dictum  of  the  author,  that  the  scour 
of  a  great  navigable  tidal  river  was  due 
to  the  upland  water,  and  also  the  second 
proposition  that  the  silt  was  brought  up 
from  the  sea;  taking  the  case  of  the 
Thames,  where  the  upland  water,  in  ex 
treme  flood,  was  one- twentieth  of  the  tidal 
water,  that  river,  in  the  course  of  time, 
must  cease  to  exist-  But  the  author  might 
take  heart,  inasmuch  as  the  Astronomer 
Royal,  Sir  George  Airy,  in  1877,  advanced 
a  theory  that,  as  the  ebb  lasted  seven 
hours,  and  the  flood  Ave,  the  transporting 
power  of  the  flood  was  as  7  to  5.  Ac- 
cepting the  Astronomer  Royal's  dictum, 
the  Thames,  in  the  same  manner,  must 
cease  to  exist.  He  accepted  as  truthful 
the  author's  assumption  that  the  silt  in  a 
river  like  the  Thames  came  from  the  sea, 
and  he  thought  that  in  the  case  of  the  met- 
ropolitan river,  the  least  observant  would 
see  that  that  must  be  so.  During  a  neap 
tide,  especially  during  the  last  neap  tides, 
the  river  water  within  the  metropolitan 
boundary  was  singularly  clear.  If  the 
remark  were  made  to  a  man  working  on 
the  river,  he  would  say,  "'Yes,  but  wait 
till  the  spring  tides,  and  you  will  find  that 
the  river  is  muddy  enough."  Along  the 
length  of  the  river,  from  Blackwall  to 
Sheerness  on  the  north,  and  from  Green- 
wich to  the  Isle  of  Grain  on  the  south, 
might  be  observed  the  "  saltings, " 
which  denoted  the  range  of  neap  tides, 
and  it  would  be  seen  that  they  were  ser- 
rated and  broken  down  by  the  spring 
tides.  The  spring  tides  was,  of  course, 
of  much  greater  volume  and  much  higher 
in  altitude  in  its  flow,  and  it  stirred  up 
the  bed  and  muddy  foreshores  of  the 
river.  A  large  amount  of  deposit  from 
the  spring  tide  was  brought  into  the  up- 
per part  of  the  river,  but  inasmuch  as  the 
ebb  was  seven  hours  as  compared  with 
five  of  flood,  the  ebb  removed  a  large 
amount  of  deposit  by  progressive  steps 
down  the  river.  He  thought  a  somewhat 
indiscriminate  statement  had  been  made, 
when  three  rivers  were  mentioned  to 
prove  that  the  author's  supposition  was 
wrong,  that  silt  was  carried  up  the  river, 
namely,  the  Tiber,  the  Danube,  and  the 
Nile — three  tideless  rivers,  falling  into 
tideless  seas.  There  could  not  be  any 
analogy  between  those  rivers  and  tidal 
rivers.  In  reference  to  the  large  amount 
of  deposit  in  the  river  coming  from  the 


sea,  a  few  years  back  he  was  engaged  in 
an  inquiry  as  to  an  accumulation  of  mud 
and  sand  in  the  Gravesend  reach  of  the 
river.  It  was  alleged  that  the  accumula- 
tion arose  from  the  erection  of  the  Ter- 
race pier.  On  inquiry  he  found  below 
the  town  that  there  was  an  old  military 
landing  place,  called  the  "  Ordnance " 
jetty,  used  for  embarking  and  disembark- 
ing troops ;  there  was  also  another  bridge, 
called  the  New  Tavern  bridge,  which, 
at  that  time,  was  silted  up  to  the  planks. 
On  pursuing  the  inquiry,  he  found  the  Cus- 
tom House  bridge  had  succeeded  the  New 
Tavern  bridge,  and  that  the  New  Tavern 
bridge  stood  upon  one  that  preceded  it. 
The  accumulation  had  gone  on  since  the 
close  of  the  last  century,  and  amounted  to 
about  3  J  inches  per  annum.  It  was  entirely 
local  in  the  hollow  of  the  river,  and  was  not 
only  promoted  by  these  bridges,  but  was 
also  kept  by  them  in  position.  Higher 
up  the  river  at  Northfleet  the  shore  was 
cleaner,  and  at  Greenhithe,  in  front  of 
"  Ingress  Abbey,"  the  owner,  an  old  sailor, 
had  often  remarked  to  him  that  the  fore- 
shore in  front  of  his  estate  was  frequently 
temporarily  covered  with  a  large  deposit 
of  mud.  He  had  himself  noticed  after  a 
gale  of  wind  blowing  up  the  reach,  and 
impinging  on  the  shore,  that  the  fore- 
shore was  furrowed  almost  like  a  ploughed 
field  down  to  the  virgin  clay,  and  the  mud 
disappeared  ;  but  on  a  recurrence  of  calm 
weather  the  accumulation  again  formed. 
There  was  a  constant  deposit  from  the 
flood  tide,  which  was  dispersed  under  cer- 
tain conditions. 

He  wished  to  refer  to  that  portion  of 
the  paper  which  spoke  of  a  tidal  harbor 
being  kept  open  more  by  the  upland 
water  than  by  the  tidal  water ;  and  he 
would  inquire  how  it  came  to  pass  that 
such  harbors  as  Harwich,  Portsmouth, 
Yarmouth,  and  Montrose,  had  maintained 
their  depths  for  centuries.  Portsmouth 
had  13J  million  tons  of  tidal  water,  with 
a  width  of  entrance  of  500  to  600  feet, 
and  a  minimum  low- water  depth  of  17|  to 
20  feet.  Harwich  had  60  million  tons  of 
tidal  water,  a  width  of  f  mile,  and  a  mini- 
mum navigable  depth  of  17  feet.  Yar- 
mouth had  6  million  tons  of  tidal  water, 
a  width  of  200  to  300  feet,  and  a  naviga- 
ble depth  (since  the  time  of  Elizabeth)  of 
1 0  feet.  Montrose,  with  40  or  50  million 
of  tons  of  tidal  water,  and  a  width  of  a 
furlong;  had  a  navigable  depth  of  from  8 
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to  10  feet.  There  were  two  rivers  flow- 
ing iDto  Harwich,  two  small  streams  into 
Portsmouth,  and  three  into  Yarmouth ; 
but  the  amount  of  upland  water  was  in- 
finitesimal.* 

On  the  authority  of  Mr.  Kichardson,  it 
was  stated  that  the  estuaries  of  tidal 
rivers  always  bore  a  certain  proportion  to 
the  upland  water  falling  into  the  catch- 
ment basin.  He  had  had  the  curiosity  to 
look  at  the  catchment  basins  of  several 
of  the  principal  rivers  in  England.  Tak- 
ing the  Thames  and  the  Humber,  two 
rivers  fulfilling  the  conditions  mentioned 
bjr  the  author,  as  flowing  through  alluvial 
soil,  the  catchment  area  of  the  Thames 
was  5,000  square  miles  ;  the  width  at  high 
water  was  5J  miles,  and  at  low  water  3 
miles,  and  the  depth  from  30  to  60  feet. 
The  Humber  had  a  catchment  area  of 
9,480  square  miles,  the  width  at  high 
water  being  4  to  5  miles,  and  at  low  water 
3  miles,  and  the  depth  30  to  70  feet.  The 
catchment  area  of  the  Great  Wash,  into 
which  the  Great  Ouse,  the  Nene,  the 
Witham,  and  the  Welland  fell,  was  inter- 
mediate between  that  of  the  Thames  and 
the  Humber,  viz.,  5,734  square  miles  ;  the 
width  was  double,  10  miles,  and  the  depth 
was  very  great,  30  to  70  feet.  The  Great 
Wash  was  the  channel  for  the  influx  and 
eiflux  of  a  vast  quantity  of  tidal  water 
before  the  works  carried  out  by  Sir 
Charles  Vermuyden  and  subsequent  en- 
gineers were  completed,  and  when  a  large 
tract  of  fen-land  was  under  water ;  and 
the  ten  miles  of  estuary  represented  the 
power  of  tidal  water  to  keep  open  the 
channel.  Before  concluding,  he  desired 
to  direct  attention  to  a  few  words  uttered 
by  the  late  Mr.  G.  P.  Bidder,  Past-Pres. 
Inst.  C.  E.,  in  an  inaugural  address. 
"  Points  of  the  utmost  importance,  upon 
which  to  arrive  at  a  clear  understanding, 
are  the  relative  effects  of  the  scour 
upon  our  rivers  and  harbors,  arising 
from  the  action  of  tidal,  or  of  land 
waters.  I  am  free  to  admit  that  I  am 
one  of  those  who  attribute  the  smallest 
possible  effect  to  the  action  of  land  waters, 
whilst  I  do  attribute  the  most  important 

*  It  must  at  the  same  time  be  allowed  that  of  late 
years  dredging  operations  had  maintained  and  im- 
proved the  navigable  low-water  depths  of  those  har- 
bors, and  doubtless  this  would  be  increasingly  so  in 
future  years,  from  the  continued  increase  in  the  size 
of  steam  vessels  in  the  mercantile  marine,  and  the 
great  improvements  developed  in  dredgimr  plant,  and 
reduced  cost  of  raising  and  depositing  the  material, 
greatly  resultant  on  such  works  as  the  Suez  and  Am- 
sterdam ship  canals.— J.  B.  R. 


effects  to  the  action  of  tidal  scour.  This 
conviction  has  been  forced  upon  me  by  a 
general  view  of  our  rivers  and  estuaries. 
Looking,  for  instance,  to  the  river  flowing 
past  our  doors,  the  river  Thames,  can  it 
be  supposed  that  the  mere  driblet  of 
water  falling  over  Teddington  Lock,  even 
in  seasons  of  the  highest  floods,  can  give 
any  effectual  aid  to  the  tidal  currents,  in 
preserving  the  channel  from  sea  to  the 
Nore,  and  up  to  above  Gravesend."  Not- 
withstanding, he  felt  sure  the  author  of 
the  paper,  possessing  comparative  youth, 
acknowledged  talent,  and,  no  doubt,  cour- 
age worthy  of  the  name  he  bore,  would 
make  an  excellent  fight  to  maintain  the 
position  he  had  put  forward  on  that  great 
question. 

Mr.  J.  Thornhill  Harrison  remarked 
that  the  paper  opened  out  so  many  ques- 
tions, such  as  the  sources  of  the  silt 
and  sand,  whether  they  were  brought 
from  above  or  below ;  the  measures  that 
engineers  had  adopted  to  restrain  them 
in  both  directions ;  the  improvement  of 
rivers,  and  the  means  of  scouring  uot- 
falls,  that  he  would  merely  refer  to  them, 
and  would  go  at  once  to  a  point  which 
he  thought  was  of  great  importance. 
The  author  had  laid  down  certain  rules 
and  principles  which  deserved  serious 
consideration.  Upon  what  did  the  author 
base  those  rules  and  principles  ?  So  far 
as  could  be  judged,  entirely  upon  obser- 
vations made  by  Mr.  Shaw  at  one  spot 
on  the  river  Avon.  But  were  those  ex- 
periments sufficient,  and  were  the  deduc- 
tions from  the  experiments  correct?  It 
would  be  noticed  that  the  point  where 
the  observations  were  taken  was  1\  miles 
from  the  mouth,  and  only  two  miles  from 
the  upper  tidal  limit,  whereas  they  ought 
to  have  been  made  nearer  the  mouth. 
Again,  the  experiments  were  of  a  very 
partial  character,  were  only  continued 
over  about  three  hours  of  tidal  action, 
and  were  not  taken  at  any  other  place 
upon  the  river ;  so  that  there  was  no  in- 
formation as  to  the  velocity  of  the  water 
at  any  other  spot,  either  at  the  surface  or 
below  it,  nor  as  to  the  volume  of  water 
flowing  from  the  river  proper  above  ;  nor 
were  there  any  data  as  to  the  fall  of  the 
water  from  the  point  where  the  observa- 
tions were  taken  to  the  mouth  of  the 
river.  He  thought  that,  before  rules  and 
principles  were  laid  down,  experiments 
should  be  made  not  only  at  one  spot  upon 
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one  river,  but  at  many  spots  throughout 
the  whole  tidal  range  upon  many  rivers. 
The  information,  however,  so  far  as  it  ex- 
tended, supplied  some  useful  hints.  He 
had  prepared  some  diagrams  from  the 
particulars  given  by  the  author,  which 
showed  that,  for  a  considerable  time  from 
the  commencement  of  the  ebb,  the  water 
fell  and  the  velocity  increased  almost  ex- 
actly in  proportion  as  a  body  would  fall 
freely  under  the  action  of  gravity.  He 
had  marked  three  points,  the  first  period 
up  to  9.55  a.m.,  when  there  was  some 
check  to  the  increase  of  the  velocity,  and 
a  check  also  to  the  rate  of  fall  of  the 
water.  After  a  short  time  both  of  them 
became  regular ;  the  fall  of  the  water 
went  on  regularly,  so  much  every  hour, 
and  the  velocity  became  constant.  That 
period  he  had  marked  as  the  second. 
Then  again  there  was  a  third  period  when 
the  velocity  diminished,  and  when  the 
rate  of  fall  of  the  water  also  diminished; 
that  went  on  to  the  point  where  appar- 
ently the  low- water  level  was  reached,  or 
nearly  so  ;  the  experiments  ought  to  have 
been  continued  not  only  to  low  water  but 
beyond  it.  The  diagrams  appeared  to 
show  that  the  river  Avon  at  high  tide  was 
full  of  water  up  to  Nethain  dam,  the  sur- 
face having  a  very  slight  fall  from  the 
dam  down  to  Avonmouth,  and  the  water 
had,  during  the  ebb,  to  fall  from  its  ele- 
vated position  down  to  low  water.  The 
water  could  only  fall  vertically  at  the 
Netham  dam,  there  could  be  no  lateral 
motion;  but  the  vertical  motion  as  the 
water  fell  was  transmitted  horizontally, 
creating  a  wave  motion,  which  was  passed 
onwards  down  the  river,  and  taking  any 
point,  such  as  that  at  which  the  observa- 
tions were  made,  the  quantity  of  water 
that  would  pass  that  point  in  a  given 
time  must  be  equal  to  the  quantity  that 
had  fallen  in  that  time  between  Netham 
dam  and  the  point  of  observation.  It 
was  proved  that  the  whole  of  the  water 
from  the  top  to  the  bottom  was  not  put 
in  motion,  but  only  the  upper  portion  to 
an  unascertained  depth.  The  volume  of 
water  in  motion  must  increase  gradually 
from  Netham  dam  downwards,  and,  sup- 
posing the  velocity  of  the  current  to  be 
nearly  the  same  throughout  the  course 
of  the  river,  the  water  in  motion  would 
take  the  form  of  a  wedge,  whilst  the  water 
below  this  wedge  would  remain  at  rest ; 
and  so  long  as  there  was  sufficient  depth 


of  water  for  the  generation  of  the  wave, 
the  conversion  of  the  vertical  fall  into  a. 
horizontal  motion  would  be  quite  free, 
the  motion  between  the  particles  of  water 
being  almost  free  from  friction.  Mr. 
Shaw's  experiments  showed  that  for  a 
period  of  an  hour  and  a  quarter  after  the 
tide  began  to  ebb,  there  was  at  the  point 
of  observation,  a  steady  generation  of  a 
wave  of  translation,  As  the  velocity  in- 
creased with  the  time,  and  the  fall  of  the 
water  increased  as  the  square  of  the 
time.  But  there  would  come  a  time 
when  the  depth  of  water  in  the  channel 
would  be  so  far  diminished,  and  the 
quantity  of  water  discharged  from  the 
river  would  be  so  great,  that  the  water 
would  be  in  motion  from  the  top  to  the 
bottom  of  the  channel  at  some  certain 
point,  and  then  the  free  generation  of  the 
wave  would  be  arrested.  That  appeared 
to  be  the  commencement  of  what  he  had 
marked  as  the  second  period  when,  the 
free  fall  of  the  water  being  stayed,  and 
the  velocity  not  being  increased,  there 
was  a  steady  fall  directly  as  the  time,  the 
velocity  of  the  water  at  the  moment  of 
the  observation  continuing  constant.  The 
commencement  of  the  third  pertod  ap- 
peared to  be  when  the  tide  had  so  far 
fallen  that  the  water  was  in  motion  from 
the  top  to  the  bottom.  That  the  ebb 
tide  created  a  wave  in  the  way  described 
was,  he  thbught,  proved  satisfactorily  by 
the  fact  that  the  low  water  level  at  Glas- 
gow and  at  London  Bridge  was  frequent- 
ly lower  than  it  was  some  miles  below 
Glasgow  in  the  one  case,  and  Sheerness 
in  the  other.  This  showed  that  there  was 
a  pendulous  action,  and  that  the  momen- 
tum given  to  the  water  towards  the  close 
of  the  ebb  tide  was  much  greater  than  it 
would  be  if  it  were  due  merely  to  the  in- 
clination of  the  surface  at  low  water — the 
water  was  in  fact  forced  forwards  and 
carried  onwards  to  a  lower  level  even 
than  the  low  water  at  the  sea.  When 
there  was  a  weir,  like  the  Netham  dam 
or  the  Teddington  weir,  which  arrested 
the  passage  of  the  tidal  water  upwards, 
the  water  adjoining  that  weir  must  neces- 
sarily be  in  a  state  of  stagnation,  from 
the  time  the  tide  reached  it  until  it  rose 
to  its  highest  level  and  fell  again  and 
passed  onwards.  There  could  be  no  mo- 
tion at  that  point,  except  that  given  by 
the  flow  of  the  water  over  the  weir.  As 
far  as  tidal  action  went,  if  there  were  no 
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water  flowing  over  the  weir  the  water 
would  be  stagnant  adjoining  it ;  it  would 
fall  downwards,  but  would  have  no  1  iteral 
motion  ;  consequently  during  that  whole 
period,  as  the  author  had  pointed  out, 
there  would  necessarily  be  a  deposit,  and 
this  deposit  would  dimmish  downwards. 
To  what  did  that  point !  That  every  weir 
of  the  kind  should  be  cleared  away,  and 
that  tidal  action  should  have  a  free  flow 
as  far  up  the  river  as  possible ;  it  would 
then  pass  up  the  river  proper  with  a  ris- 
ing bed,  and  the  quantity  of  deposit  in 
the  upper  portion  would  be  reduced  to 
a  minimum.  Mr.  Shaw's  observations 
did  not  prove  either  that  the  bottom 
velocity,  not  far  from  the  mouth  of  a 
tidal  channel,  was  nil  for  a  great  part  of 
the  ebb,  or  that  the  scouring  effect  of  the 
ebb  tide  was  little  or  nothing. 

Mr.  H.  Law  had  been  much  startled 
by  the  novel  views  advanced  by  tie  au- 
thor, and  the  insufficient  data  upon 
which,  he  thought,  they  were  founded. 
The  opening  sentence  of  the  paper  he 
could  not  comprehend.  The  flow  was 
divided  into  two  parts.  There  was  the 
tidal  flow,  which  occupied  twelve  hours 
in  the  ebb  and  flood  together  ;  and  then 
the  low-water  flow,  which  was  strictly 
defined  to  be  the  time  which  elapsed  be- 
tween the  end  of  the  ebb  and  the  begin- 
ning of  the  flood.  Now,  inasmuch  as 
the  ebb  designated  the  water  flowing 
downwards  and  the  flood  the  water  flow- 
ing upwards,  he  was  at  a  loss  to  conceive 
what  could  be  meant  by  the  motion  of 
the  water  at  the  end  of  the  ebb  and  be- 
fore the  flood  began.  Clearly  the  water 
must  then  be  stagnant ;  and  it  was  im- 
possible to  maintain,  even  if  there  were 
any  short  interval,  that  what  was  defined 
to  be  the  low-water  flow  could  produce 
the  whole  of  the  scouring  effect  in  a 
river,  and  not  the  tidal  flow,  which  oc- 
cupied a  space  of  time  much  longer,  the 
mean  flow  over  Teddington  weir  being 
about  one-three-hundred-and-fortieth  of 
the  mean  flow  of  the  tide.  Then  fol- 
lowed this  clear  and  precise  statement : 
"In  the  author's  opinion,  this  assump- 
tion [that  the  tidal  flow  produced  the 
scour]  cannot  be  maintained,  and 
grounds  quite  as  solid  might  even  be 
found  for  exactly  the  opposite  rule,  viz., 
that  tidal  water  should  be  wholly  ex- 
cluded from  a  channel,  wherever  pos- 
sible."    He  thought  that  was  a  proposi- 


tion which  entirely  controverted  all  the 
established  principles  and  experience  of 
the  profession,  and  which  certainly  re- 
quired a  more  extensive  series  of  observa- 
tions than  had  been  adduced  in  the 
paper.  The  instrument  which  had  been 
used  in  the  experiments  had  been  laid  be- 
fore the  Institution.  Mr.  Law's  experi- 
ence with  current  meters  had  been  con- 
siderable, and  he  had  found  after  a  short 
time  that  attempting  to  take  observa- 
tions in  deep  water  with  rapid  currents 
by  the  old  system  of  withdrawing  a  de- 
tent, which  allowed  the  instrument  to 
revolve  and  then  allowing  the  detent  to 
fall  into  gear  again,  was  quite  impractic- 
able. If  there  was  any  stream  and  any 
length  of  rope  out  the  tension  upon  the 
rope  alone  was  sufficient  to  withdraw  the 
detent  and  set  the  machine  in  motion, 
and  it  was  impossible  to  tell  whether  it 
was  running  or  not.  Then  there  was  the 
great  practical  difficulty  of  having  to 
bring  the  instrument  to  the  surface  to 
make  every  observation ;  and  the  time 
occupied  to  bring  it  to  the  surface  and 
lower  it  again  prevented  that  rapid  suc- 
cession of  observations  which  alone 
would  enable  the  observer  to  determine 
nice  differences  in  the  velocity  of  the  cur- 
j  rent  at  different  depths,  and  at  different 
periods  of  the  tide.  It  was  that  experi- 
ence, after  having  tried  all  the  meters  he 
could  find,  that  induced  him  at  last  to 
contrive  the  machine  now  exhibited,  by 
which  the  current  could  be  measured  by 
means  of  electricity  at  any  depth  and 
continuously.  He  had  found  it  was  nec- 
essary, in  order  to  give  steadiness  to  the 
machine,  to  have  a  very  heavy  bar.  Mr. 
Revy  employed  one  of  about  30  lbs. ;  but 
Mr.  Law  had  adopted  one  weighing  90 
lbs.  The  most  desirable  way  of  lowering 
it  was  by  attaching  it  at  each  end,  and 
that  was  done  by  angle-irons  projecting 
over  the  sides  of  the  boat  at  right  angles, 
and  the  bar  was  lowered  in  a  perfectly 
parallel  position.  The  meter  was  at- 
tached in  such  a  manner  that  it  could 
present  itself  to  the  current.  Wherever 
a  strong  wind  was  blowing  or  there  was 
a  current  on  the  surface  in  a  different  di- 
rection, it  was  necessary  that  the  meter 
should  assume  its  own  position  below. 
He  had  tried  many  expedients  for  in- 
sulating the  current,  and  at  last  that 
which  suggested  itself  to  him,  and  which 
was  the  most  simple  of  all,  was  that  of 
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placing  the  insulating  apparatus  at  the 
top  of  a  vertical  spindle,  and  enclosing 
the  whole  in  a  small  diving  bell,  the  air 
in  the  upper  part  of  which  served  to 
prevent  the  water  ever  reaching  the  in- 
sulating apparatus.  There  being  no 
stuffing  box,  the  meter  revolved  with 
perfect  freedom.  In  the  air  when  exposed 
to  a  moderate  breeze  it  made  six  hundred 
revolutions  a  minute  by  virtue  of  the 
wind  alone.  The  ball  in  the  center  of 
the  screw  was  hollow  and  balanced  the 
weight,  as  in  Revy's  instrument,  and  the 
consequence  was  it  possessed  that  qual- 
ity which  Professor  Unwin  said  was  nec- 
essary, a  very  small  vis  viva,  so  that  it 
could  rapidly  change  its  motion  with  the 
varying  motion  of  the  currents.  At 
every  hundred  revolutions  the  bell  was 
struck  and  the  signal  given  above.  In 
order  to  determine  the  depth  there  were 
two  cylinders,  with  two  cables  wound 
round  them.  As  the  cable  might  vary  in 
size  according  to  the  material  used,  the 
cylinders  were  split  in  two,  and  by  a 
simple  mechanical  arrangement  could  be 
adjusted,  so  that  one  circumference  gave 
exactly  18  inches  of  cable.  There  was 
then  a  scale  upon  the  instrument ;  a  guide 
traveled  upon  a  screw,  which  at  the  same 
time  ensured  an  even  winding  of  the 
cable,  and  the  depth  could  be  seen  by 
inspection.  The  number  of  seconds  that 
elapsed  in  every  hundred  revolutions 
gave  the  velocity  of  the  current.  The 
instrument  was  also  adapted  for  sound- 
ing. It, was  quite  as  necessary  to  have 
an  accurate  section  of  the  river  as  it  was 
to  have  the  velocity  of  the  stream.  For 
the  purpose  of  sounding,  the  two  angle- 
irons  were  brought  together  over  the 
boat's  side,  and  the  two  ends  of  the  wire 
were  connected  with  a  sounder  which 
weighed  50  lbs.  The  moment  it  touched 
the  ground  it  struck  the  bell,  and  the 
depth  was  exhibited  upon  a  scale.  It 
could  be  then  raised  a  foot  or  two,  and 
passed  to  another  point,  and  by  getting 
the  signal  the  depth  was  obtained  imme- 
diately. The  sounder  weighing  50  lbs., 
and  the  line  being  so  small,  however 
great  the  velocity,  no  deflection  took 
place  and  it  hung  vertically.  The  instru- 
ment exhibited  was  the  one  with  which 
he  had  tried  a  great  many  experiments, 
and  he  must  say  that  the  results  he  had 
obtained  were  very  different  from  those 
arrived  at  by  the  author. 


Mr.  Russel  Aitken  thought  the  value  to 
be  attached  to  the  author's  tidal  observa- 
tions was  being  lost  sight  of.  The  range 
of  tide  was  about  36  feet,  and  it  was 
evident  that,  as  the  tide  rose,  water 
would  be  found  in  the  bottom  of  the 
channel  of  a  greater  specific  gravity  than 
at  the  top.  A  layer  of  cold  water  or 
Salter  water  would  probably  be  at  the 
bottom.  The  top  water  would  slide  on 
the  top  of  the  heavier  water,  and  so  soon 
as  the  tide  got  far  enough  down,  and  the 
heavier  fell  below  the  meter,  it  began  to 
turn.  It  was  well  known  that  layers  of 
water  having  different  specific  gravities 
slid  upon  one  another  in  the  most  won- 
derful manner.  The  Gulf  Stream,  al- 
though it  was  Salter,  yet  having  a  higher 
temperature,  was  lighter  than  the  waters 
of  the  ocean  through  which  it  flowed,  and 
slid  through  the  ocean,  and  so  he  be- 
lieved it  was  in  the  ease  under  considera- 
tion. It  would  be  found  that  the  au- 
thor's observations  could  be  accounted 
for  in  the  way  he  had  mentioned.  He 
thought  Professor  Unwin  should  not 
consider  water  as  working,  as  a  general 
rule,  in  layers.  He  believed  that  when 
water  in  a  river  was  of  the  same  specific 
gravity,  and  this  was  generally  the  case 
as  water  in  a  river  got  well  mixed  up,  the 
water  above  pushed  the  water  below 
solidly  along,  and  the  retarding  effect  of 
the  eddies  caused  by  friction  on  the  bot- 
tom did  not  cause  water  to  go  in  layers, 
but  gave  it  a  rolling  motion.  Until  re- 
cent experiments  the  theory  that  water 
flowed  in  layers  was  generally  adopted 
and  acted  upon,  but  this  was  evidently 
incorrect.  He  had  represented  on  a  dia- 
gram the  river  Scheldt  (Fig.  10)  which 
was  full  of  silt,  and  was  interesting  as 
showing  the  value  of  the  land  water  at 
low  water,  in  extending  the  low-water 
channel.  The  Scheldt  went  past  Ant- 
werp from  D  to  E.  It  would  be  observed 
that  at  D  there  was  a  depth  of  19  meters, 
and  the  rise  of  the  tide  was  4  meters.  At 
AB  a  little  further  down  there  was  a 
depth  of  11.5  meters,  and  further  up 
there  was  a  depth  of  11  or  12  meters.  At 
AB  the  width  was  the  same  as  that  of  the 
Thames  at  Woolwich,  and  the  tide  only 
rose  4  meters,  or  13  feet,  as  against  18 
feet  6  inches  in  the  Thames;  yet  there 
was  a  navigable  channel  of  26  feet  or  28 
feet,  or  not  less  than  8  meters  at  low 
water,  whereas  in  the  Thames  there  was 
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only  a  navigable  channel  of  14  feet.  Of 
course,  in  the  Thames  the  bottom  was  sand 
and  gravel  to  some  extent,  whereas  in  the 
Scheldt  it  was  fine  sand.  He  thought 
that  a  great  deal  of  the  depth  observed 
in  the  Scheldt  was  due  to  the  exact  time 
at  which  the  water  issued  from  the 
dykes.  The  land  around  the  river  was 
situated  at  a  very  low  level,  rather  below 
half  tide.  The  sluices  opened  a  little 
before  low  water,  and  then  there  was  a 
great  current  due  to  the  land  waters.  The 
river  Scheldt  was  a  remarkable  instance 
of  how  the  scour  in  rivers  was  assisted 
by  the  introduction  of  land  waters  at  the 
moment  when  they  could  be  most  effec- 


tive. There  was  a  general  opinion,  which 
he  believed  to  be  erroneous,  that  when 
water  flowed  in  a  river  it  rebounded  from 
one  side  to  the  other.  Water,  like  every 
other  kind  of  matter  in  motion,  will  pro- 
ceed in  a  straight  line  until  it  met  an  ob- 
stacle, and  when  it  met  a  bend  in  a  chan- 
nel it  heaped  up  against  the  side  towards 
which  it  went.  Therefore  at  the  point 
below  D  it  would  be  found  that  the  water 
was  heaped  up,  and  was  actually  press- 
ing the  water  further  down,  and  forcing 
it  towards  the  other  side  of  the  river.  In 
every  other  river,  the  water  changed 
from  side  to  side,  owing,  he  believed,  to 
the  water  heaped  up  on  one  side  pressing 
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the  water  back  to  the  other,  and  it  was 
probably  this  heaping  up  of  water  at  the 
bends  which  caused  the  difference  of 
velocities  in  the  various  depths  of  the 
river,  which  had  been  observed  by  Messrs. 
Humphreys  and  Abbot.  Professor  Un- 
win  had  referred  to  a  number  of  experi- 
ments which  had  been  made  on  small 
rivers,  and  had  cast  a  doubt  on  Mr.  Gor- 
don's observations  on  the  Ganges  and 
the  Irrawaddy.  Mr.  Gordon  believed 
that  the  scour  in  a  river  was  greatest  on 
the  rise  of  the  flood  in  a  fresh-water 
river.  Mr.  Aitken  thought  that  state- 
ment was  correct,  and  if  analyzed  it 
would  be  seen  that  it  must  be  so.  Take 
the  case  of  a  large  river  with  a  gradual 
fall  of,  say,  3J  inches  per  mile,  and  flow- 
ing at  the  rate,  of  about  5  miles  an  hour, 
if  the  river  in  flood  rose  at  the  rate  of  5 
inches  per  hour,  then  the  fall  of  the  river 
evidently  increased  by  1  inch  per  mile 
during  the  rise  of  the  flood.  In  other 
words,  the  fall,  instead  of  being  3^ 
inches,  was  4J  inches  per  mile  ;  therefore 
there  was  an  increased  fall,  giving  a 
greater  velocity  which  would  of  course 
augment  the  scouring  power  of  the 
water.  When  Mr.  Bradford  Leslie,  M. 
Inst.  C.  E.,  was  building  the  Gorai 
bridge,  over  a  branch  of  the  Ganges,  he 
had  expressed  the  opinion  that  the  great- 
est scour  took  place  on  the  rise  of  a  flood 
in  the  river.  A  cylinder  14  feet  diameter 
and  30  feet  long,  had  been  lost  on  the 
rise  of  a  flood.  It  seemed  that  scour 
took  place  with  the  greater  velocity  of  the 
rise,  and  that  deposit  again  occurred 
during  the  diminished  velocity  of  the 
falling  flood  in  the  river.  If,  in  connec- 
tion with  the  paper,  the  temperature  and 
the  density  of  the  water  at  different 
levels  had  been  given,  it  might  have  been 
seen  better  what  was  going  on.  Until 
that  information  was  supplied,  he  could 
not  account  for  the  sudden  stoppage  of 
the  gauge  in  any  other  way  than  that 
which  he  had  mentioned. 

Mr.  L.  F.  Vernon-Harcourt  said  the 
author  had  remarked  that  the  silt  which 
came  into  tidal  rivers  was  chiefly  due  to 
the  tidal  water.  He  did  not  see  why 
tidal  rivers  should  differ  in  any  respect 
from  non- tidal  rivers  in  regard  to  the  silt 
brought  down  by  the  fresh  water.  In 
many  non-tidal  rivers  a  great  deal  of  silt 
was  brought  down.  The  Mississippi,  the 
Nile,  and  the  Danube,  were  charged  with 


large  quantities  of  silt,  and  it  ought  not, 
therefore,  to  be  accepted  as  an  axiom  that 
the  fresh  water  of  tidal  rivers  did  not 
bring  down  silt.  No  doubt  the  flood 
tide  introduced  a  certain  amount  of  silt 
with  it,  but  a  great  portion  of  it  was  re- 
moved on  the  ebb.  There  was,  however, 
a  great  deal  of  truth  in  what  the  author 
had  said,  that  the  tidal  water  alone  of  the 
ebb  was  not  able  to  remove  the  whole  of 
the  silt  brought  up  by  the  flood,  and  that 
the  fresh-water  floods  did  help  to  scour 
the  channel.  But  there  was  another  rea- 
son why  the  tidal  waters  were  equally 
muddy  with  the  fresh  waters — the  fresh 
water  was  constantly  flowing  past  any 
given  point  to  which  it  never  returned, 
while  the  tidal  waters  were  oscillating  to 
and  fro,  and  therefore  a  portion  of  sus- 
pended matter  might  pass  the  same  point 
several  times  in  succession.  In  the  case 
of  the  Clyde,  for  instance,  some  flotation 
experiments  had  been  made  by  Mr.  Ure 
many  years  ago,  to  ascertain  what  hap- 
pened with  the  sewage  in  the  river.  Some 
floats  were  put  in  and  watched  day  and 
night  from  boats,  and  he  believed  it  took 
nearly  a  fortnight  for  a  float  to  go  from 
Glasgow  to  the  Firth  of  Clyde.  If  that 
were  so  the  whole  of  the  river  between 
Glasgow  and  the  Firth  of  Clyde  had  the 
fresh- water  flow  of  a  fortnight  mingled 
with  the  tidal  waters,  and  therefore  it 
held  all  the  amount  of  sediment  in  those 
12  miles  contained  in  that  flow,  and  it 
was  totally  different  in  that  respect  from 
the  fresh-water  flow.  It  was  an  old 
proverb  that  a  rolling  stone  gathered  no 
moss,  and  he  thought  it  might  be  con- 
sidered an  engineering  proverb  that 
moving  water  deposited  no  silt.  When 
tidal  water  oscillated  to  and  fro  there 
was  very  little  deposit  of  silt,  but  deposit 
began  to  take  place  directly  stagnation 
occurred. 

The  harbor  of  Southwold  had  been 
mentioned  by  the  author  as  a  peculiar 
case  of  an  entrance  being  kept  open  by 
the  ebb  and  flow  of  the  tide.  A  refer- 
ence to  the  past  history  of  the  French 
and  the  Belgian  harbors  on  the  North 
Sea,  would  show  that  exactly  the  same 
thing  was  occurring;  they  were  kept 
open  by  the  ebb  and  flow  of  the  tide, 
and  when  the  marshy  tide-covered  lands 
surrounding  them  were  reclaimed,  as  they 
had  been  by  degrees  (as  at  Ostend,  Cal- 
ais, Dunkirk,  and  other  harbors),  the  en- 
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trances  became  partially  blocked  up,  be- 
cause the  sea  had  a  tendency  always  to 
close  up  the  channels  in  forming  a  con- 
tinuous line  of  beach  along  the  coast. 
The  author  had  also  referred  to  Rye  har- 
bor, and  did  not  seem  to  think  it  was 
improved  by  the  blowing  up  of  the  sluice. 
Mr.  Yernon-Harcourt  believed  that  sluices 
in  the  form  of  dams  had  done  harm  to 
tidal  rivers.  There  was  the  well-known 
case  of  the  Grand  Sluice  near  Boston.  In 
summer  the  mud  was  sometimes  heaped 
up  10  or  11  feet  against  the  sluice  doors ; 
that  would  entirely  prevent  any  naviga- 
tion of  a  permanent  kind  going  on  in 
the  summer,  and  though  no  doubt  it  was 
scoured  out  by  the  floods  of  the  Witham 
in  the  winter,  it  was  useless  to  have  an 
entrance  which  was  blocked  up  in  the 
summer.  There  was  also  the  well-known 
Denver  sluice  which  had  been  blown  up, 
with  regard  to  which  Sir  John  Rennie 
had  mentioned  that  the  outfall  of  the 
Ouse  below  was  much  improved  during 
the  time  the  sluice  gates  were  removed. 
The  author  said  he  could  find  no  evi- 
dence, or  hardly  any,  as  to  the  bad  ef- 
fect of  dams  across  a  stream,  and  he 
quoted  Mr.  Bouuiceau,  in  support  of  his 
views.  He  had  a  great  respect  for  Mr. 
Bouniceau,  as  gathered  from  a  perus- 
al of  his  book  ;  and  curiously  enough, 
though  that  author  agreed  certainly  with 
one  of  the  author's  premises,  he  did  not 
agree  with  his  conclusions.  He  had 
made  a  diagram  (Fig.  11)  taken  from  Mr. 
Bouniceau's  work,  in  which  he  had  shown 
two  rivers,  the  Yire  and  the  Aure.  They 
discharged  into  the  English  Channel 
through  Yays  Bay,  situated  between 
Cherbourg  and  the  mouth  of  the  Seine, 
and  the  tide  was  excluded  from  the  riv- 
ers by  gates  across  the  arches  of  the  Yay 
and  Isigny  bridges  many  years  ago.  The 
two  dams  were  placed  there  in  order  to 
protect  the  lands  from  the  tidal  floods, 
and  it  was  soon  found  that  the  estuary 
began  to  silt  up,  and  that  whereas  vessels 
were  formerly  able  to  go  to  Isigny,  boats 
of  a  much  smaller  tonnage  were  not  able 
to  get  up  there ;  and  the  Yire  was  also 
silted  up  to  a  considerable  extent.  Mr. 
Bouniceau  gave  the  following  extract, 
from  the  report  of  a  commission  of  in- 
quiry on  the  subject,  in  support  of  his 
opinions,  in  the  same  chapter  from  which 
the  author  had  quoted :  "  The  flood-tide 
in  rising  up  the  Yire  brought  up  a  vol- 


ume of  over  3,000,000  cubic  yards,  which 
flowed  four  times  a  day  through  Yays 
Bay.  It  was  therefore  traversed  by  a 
volume  of  water  amounting  to  13,000,000 
cubic  yards  in  the  twenty-four  hours. 
At  the  present  time  it  is  only  traversed 
by  the  waters  of  the  Aure  and  the  Yire. 
which  together  discharge  merely  951,000 
cubic  yards  in  a  day.  It  is  therefore  un- 
doubtedly the  Yay  bridge  which  has  de- 
stroyed the  maritime  navigation,  solely 
because  it  has  flood-tide  gates  which  have 
prevented  the  continual  oscillation  of  the 
flux  and  reflux  of  the  tide."  There  was 
a  further  history  with  regard  to  those 
rivers.  The  authorities  were  not  able  to 
take  away  the  dam  at  Isigny  for  local 
reasons,  but  they  took  away  the  gates 
from  Yay  bridge  on  Mr.  Bouniceau's 
recommendation ;  and  Mr.  Bouniceau 
said  that  as  soon  as  the  dam  was  taken 
away  the  navigation  of  the  Yire  was  re- 
stored to  its  original  condition.  That 
proved  plainly  enough  that  the  author 
was  not  justified  in  asserting  that  dams 
had  no  effect  in  reducing  the  navigable 
channel  of  rivers.  The  author  had  re- 
ferred to  the  question  of  the  embank- 
ment of  tidal  rivers,  as  a  system  which 
the  modern  school  of  engineering  would 
condemn  and  forbid.  That  was  a  very 
difficult  question,  but  he  did  not  think 
the  modern  school  of  engineers  were 
quite  agreed  that  the  embankment  of 
rivers  should  not  be  carried  out.  The 
Seine  was  a  case  where  embankment  had 
been  carried  out  to  a  large  extent  within 
recent  years,  with  advantage  to  the  river 
above  but  injury  to  the  outfall  below ; 
and  the  works  on  the  Meuse  below  Rot- 
terdam furnished  another  instance  of 
modern  river  embankments.  He  would 
not  then  enter  into  the  question,  as  he 
had  offered  a  paper  to  the  Institution 
treating  of  that  subject  and  of  the  main- 
tenance of  harbors  on  sandy  coasts,  but 
there  were  several  rivers  in  England,  like 
the  Clyde  and  the  Tees,  which  had  been 
embanked.  He  thought  that  the  question 
was  not  whether  rivers  should  be  embanked 
at  all,  but  to  what  extent  they  should  be 
embanked.  He  considered  that  the  ex- 
clusion of  the  tide  from  any  river  would 
prove  fatal  to  its  proper  maintenance  by 
causing  stagnation  and  consequent  de- 
posit in  the  summer,  and  that,  on  the 
contrary,  the  tidal  flow  should  be  admit- 
ted as  far  up  a  river  as  possible  to  pro- 
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Fig.  11. 


NOLI SH    CHANNEL 


duce  as  great  a  tidal  oscillation  as  prac- 
ticable at  the  mouth.  He  hoped  the 
result  of  the  discussion  would  be  to 
prove  that  the  author,  though  right  in 
some  of  his  premises,  was  not  justified 
in  the  conclusions  at  which  he  had  ar- 
rived. 

Mr.  George  Higgin  remarked  that  the 
conclusions  arrived  at  in  the  paper  ap- 
peared to  be  based  principally,  if  not  entire- 
ly, on  the  relation  existing  between  surface 
and  bottom  velocity.  The  author  appeared 
to  consider  that  the  ratio  of  bottom  to  sur- 
face velocity  increased  rapidly  as  the  depth 
decreased.  On  a  given  inclination,  there- 
fore, it  would  follow  by  this  theory  that 
the  shallower  the  water  the  greater  would 
be  the  bottom  velocity  and  the  greater  the 
scour ;  hence,  the  author's  belief  that  the 
scour  of  a  channel  was  entirely  produced 
by  what  he  called  the  "low- water  flow." 
The  author  supported  this  theory  of  bot- 


tom velocity  by  some  experiments  made 
by  8Graeve,  on  the  Oder,  by  others,  by 
General  Ellis  on  the  Connecticut  river, 
and  by  others  again,  by  Mr.  Shaw,  under 
his  own  directions,  on  the  Avon.  He  en- 
tirely agreed  with  the  opinion  already  ex- 
pressed, that  these  experiments  were  in- 
sufficient to  support  so  startling  a  the- 
ory as  that  put  forward ;  a  theory,  it  need 
scarcely  be  said,  entirely  contrary  to  all 
former  ones.  He  would  wish,  however, 
to  call  attention  to  the  result  of  the  ex- 
periments by  M.  Revy  on  the  River  de 
la  Plata.  The  author  appeared  to  have 
entirely  misconceived  M.  Revy's  experi- 
ments, which,  so  far  from  proving  his 
theory,  proved  exactly  the  contrary.  The 
experiments  referred  to  in  the  paper,  were 
made  by  M.  Revy,  in  a  place  known 
as  "  the  outer  roads,"  in  the  River  de  la 
Plata,  at  a  distance  of  about  4  miles  from 
the  shore.     The  river  here  had  a  width  of 
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about  30  miles,  and  the  point  selected 
was  the  deepest  part  of  the  channel.  The 
bed  of  the  river  from  this  point  to  the  sea, 
a  distance  of  120  miles,  was  almost  hori- 
zontal. The  experiments  were  made  on 
the  ebb  tide.  The  first  day's  experiments 
showed  that  at  this  point  the  bottom  ve- 
locity bore  to  the  surface  velocity,  which 
in  this  case  was  the  greatest,  a  propor- 
tion of  33  to  100.  The  depth  of  the 
water  under  the  platform  was  found  to 
be  22  feet.  On  the  following  day  M. 
Bevy  returned  to  the  same  platform  and 
continued  his  experiments;  he  was  sur- 
prised to  find  that  with  a  slightly  de- 
creased surface  velocity,  the  mean  and 
bottom  velocities  were  greater  than  those 
of  the  former  day,  the  bottom  velocity 
being  on  the  second  day  42  per  cent,  of 
the  surface  velocity,  instead  of  33  per 
cent.  He  ascertained  that  this  increased 
ratio  was  due  to  the  greater  depth  of 
water,  for,  whereas,  on  the  first  day  there 
were  22  feet  of  water  under  the  platform, 
on  the  second  day  the  depth  was  23  feet 
8  inches.  Other  experiments,  made  high- 
er up  the  river,  in  a  depth  of  50  feet  of 
water,  and  with  a  very  similar  surface  ve- 
locity to  the  other  ones,  gave  the  bottom 
velocity  as  70  per  cent,  of  the  surface  ve- 
locity. M.  Revy's  experiments,  which 
were  conducted  in  a  most  careful  and 
scientific  way,  led  him  to  lay  down  sever- 
al rules  : 

(1)  That  with  a  given  inclination  the 
surface  velocities  varied  directly  as  the 
depths. 

(2)  That  the  mean  velocity  was  an  ex- 
act proportional  between  the  surface  and 
bottom  velocities. 

(3)  That  the  mean  and  bottom  veloci- 
ties increased  in  a  greater  ratio  than  the 
surface  ones. 

In  fact,  M.  Revy's  experiments  seemed 
to  prove  that  on  a  given  inclination, 
whilst  the  surface  velocities  varied  directly 
as  the  depths,  the  bottom  velocities  varied 
as  the  squares  of  the  depths ;  and  that 
probably  at  the  depth  of  about  71  feet 
the  top  and  bottom  velocities  were  prac- 
tically the  same.  These  conclusions  were 
exactly  contrary  to  those  put  forward  in 
the  paper. 

He  might  state,  as  a  matter  of  interest 
in  connection  with  the  silt-bearing  powers 
of  rivers,  that  he  had  ascertained  from 
careful  experiments  at  Buenos  Ayres,  that 
the  amount  of  suspended  matter  carried 
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,  past  that  city  by  the  River  de  la  Plata 
\  every  twenty-four  hours,  in  ordinary 
I  states  of  the  river,  exceeded  212,000  cubic 
I  yards. 

Mr.  Walter  Browne,  in   reply,  said  he 
|  was  quite  aware  that  the  paper  would  en- 
encounter  a  large  amount  of  opposition, 
and  he  had  no  intention  of  complaining 
at  the  wray  it  had  been  received.     Apart 
from    individual    criticisms,    there    were 
two  general  lines  of  argument  that  ap- 
peared to  have  been  taken  in  objecting 
;to  his  conclusions.     The  first  was   that 
they   were    contrary    to   received    opin- 
!  ions ;  but  he  presumed  that  the  Institu- 
tion existed  for  the  progress  of  engineer- 
ing,   and   the   progress   of   engineering, 
like   the  progress   of    all    other    things, 
l  had  generally  been  over  the  bodies  of  the 
j  received  opinions  of  former  generations. 
i  The  second  argument  was  that  his  experi- 
|  ments  were  not  reliable. 

The  remarks  of  Mr.  Shelford  might  be 
;  summed  up  in  one,  that  the  existence  of 
deltas   was   a   sufficient   proof  that  Mr. 
i  Browne's   conclusions   were   wrong  ;  be- 
cause deltas  were  formed  of  mud  brought 
down  by  rivers,  and  that  they  were  only 
formed  in  tideless  seas  where  there  was 
no   beneficial  tide  to  sweep  them  away. 
j  Now  what  was  meant  by  a  delta  1     Sim- 
ply that  a  river  found  its  way  into  the 
sea  by  more  mouths  than  one ;  and  what 
|  that  necessarily  had  to  3.6  with  the  ques- 
!  tion  of  the  amount  of  silt  which  the  river 
j  had  or  had  not  brought  down,  was  not  at 
first  sight  very  easy  to  see.    The  question 
which  really  underlays  the  whole  matter 
!  was,  not  what  cause  which  had  originally 
brought  the  silt  into  any  particular  place, 
j  but,  supposing  the  tidal  flow  up  and  down 
the  river  to  be  taken  away,  would  the  silt 
remain  the  same,  or  would  it  be  dimin- 
;  ished  1  and  to  that  question  the  existence 
!  of  deltas  gave  no  answer.     But  Mr.  Shel- 
I  ford's  argument  as  to  deltas  was  deficient 
in  its  premises.     He  had  rested  it  upon 
the  allegation  that  deltas  existed  in  tide- 
less  seas,  and  those  only ;  and  he  quoted 
three  cases  of  deltas — the  Danube,  the 
Nile,  and   the   Tiber,   all   of   which   un- 
I  doubtedly  existed.     But  he  might  point 
■  out  that  not  far  from  the  mouth  of   the 
Danube  there  were  three  great  rivers,  the 
Dnieper,  the  Duiester,and  the  Bug,  which 
flowed  into  the  Black  Sea  (a  tideless  sea), 
|but   had  no  deltas.     And  on    the  other 
:  hand,  there  were  rivers  which  flowed  into 
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tidal  seas  and  yet;  had  deltas.  He  might 
point  to  the  Ganges — all  had  heard  some- 
thing of  the  tide  flowing  up  the  Hooghly 
— to  the  Irrawaddy,  to  the  Yang-tsi,  to 
the  Cambodia,  and  to  the  Indus,  in  Asia ; 
in  Africa,  to  the  Zambezi  and  the  Niger ; 
in  America,  to  the  Mississippi,  the  Orin- 
oco, and  the  La  Plata.  Those  were  some 
of  the  largest  rivers  in  the  world,  all 
flowing  into  tidal  seas,  and  all  flowing 
through  deltas.  Mr.  Shelford  further 
said  that  rivers  could  not  keep  themselves 
open,  because  the  mouths  of  the  Tiber 
were  shallow,  whereas  that  of  the  Thames 
was  deep.  It  was  hardly  necessary  to 
point  out  that  if  a  river  were  split  up 
into  several  branches,  the  size  and  depth 
of  those  branches  must  be  less  than  the 
size  and  depth  of  a  single  channel  would 
be,  supposing  the  river  to  empty  itself  by 
one  channel.  Mr.  Browne  did  not  say 
that  the  fresh  water  would  keep  open 
just  such  a  channel  as  engineers  would 
like  to  see,  but  he  did  say  that  it  would 
keep  open  just  such  a  channel  as  agreed 
with  the  amount  of  the  waters  that 
flowed  down. 

One  or  two  obvious  mistakes  had  been 
made  by  Professor  Unwin  in  quoting 
from  the  paper,  as,  for  instance,  where 
he  stated  that  the  velocity  was  taken  as 
proportional  to  the  depth,  instead  of  pro- 
portional so  the  slope ;  whereas  it  was 
really  taken  proportional  to  the  depth  at 
one  particular  place,  at  which  the  depth 
was  proportional  to  the  slope.  Again,  he 
called  it  absurd  to  say  that  silt  was  de- 
posited most  thickly  in  the  deepest  water, 
because  in  the  deepest  water  the  velocity 
was  quickest.  Mr.  Browne  had  thought 
that  silt  was  deposited,  not  when  the 
water  was  running  rapidly  through  a 
channel,  but  when  the  water  was  at  rest, 
and  that,  in  consequence,  it  would  be  de- 
posited most  thickly  where  there  was 
the  highest  column  of  water  from  which 
it  might  fall.  He  was  not  directly 
answerable  for  the  paragraph  noticed 
about  large  rivers  ;  he  had  simply  com- 
piled it  to  complete  what  appeared  to  be 
the  facts  of  the  case  as  far  as  he  could 
ascertain  them,  and  he  still  considered 
that  it  was  substantially  true.  Professor 
Unwin  had  especially  objected  to  Hum- 
phreys and  Abbot's  experiments  on  the 
Mississippi,  as  being  supposed  to  prove 
that  the  velocity  near  the  bottom  in  very 
large  rivers   was    the    same  at   the  top. 


But  Mr.  Browne  had  been  careful  to  say 
that  it  was  not  exactly  the  same,  but  that 
the  difference  was  small.  He  had  since 
again  consulted  their  report,  and  he 
found  that  the  average  bottom  velocity 
was  about  90  per  cent.,  not  of  the  surface 
velocity,  but  of  the  greatest  velocity, 
which  was  always  at  some  depth,  gener- 
ally at  a  considerable  depth,  below  the 
surface.  No  doubt  in  measuring  the  dis- 
charge of  a  river,  that  10  per  cent,  of 
loss  was  a  consideration  to  be  taken  into 
account;  but  it  was  no  consideration 
whatever  in  the  argument  as  to  scour, 
because  the  scour  was  practically  the 
same,  whether  a  river  flowed  with  a  ve- 
locity of  5  feet  or  of  4^  feet  per  second. 
His  experiments  had  nothing  whatever 
to  do  with  small  differences  of  velocity, 
and  any  arguments  based  on  such  differ- 
ences, for  instance  as  to  the  meter  not 
being  sufficiently  delicate,  were  complete- 
ly out  of  place. 

With  regard  to  Mr.  Gordon,  who,  as 
Prof.  Unwin  had  said,  had  made  many 
thousands  of  observations,  and  was  still 
making  them  (as  he  himself  knew  from 
recent  correspondence),  were  they  all  to 
go  for  nothing,  because  they  could  not  be 
made  to  fit  in  to  the  theories  of  a  French 
hydraulician,  who  could  never  have  seen 
a  river  bigger  than  the  Loire  or  the 
Seine,  rivers  which,  as  compared  with 
those  where  Mr.  Gordon  had  experiment- 
ed, were  nothing  more  than  ditches  ?  He 
had  himself  had  occasion  to  compare  at 
great  length  the  formulse  of  different  hy- 
draulicians  on  a  kindred  subject,  and  the 
discrepancies  and  confusion  then  re- 
vealed had  brought  him,  while  thankfully 
accepting  the  facts  hydraulicians  had  to 
offer,  to  place  little  reliance  on  their  gen- 
eral conclusions  or  theories.  Now,  the 
facts  which  Professor  Unwin  had  intro- 
duced were  only  two  in  number.  One 
simply  amounted  to  this,  that  in  the  par- 
ticular cases  cited,  in  the  lower  curves 
especially,  there  was  practically  little  or 
no  time  between  the  lowest  point  of  one 
ebb  and  the  beginning  of  the  rise  of 
another  flood.  Every  one  knew  that  that 
was  the  case  in  the  sea  outside  a  river, 
and  perhaps  in  a  wide  estuary;  he 
should  have  thought  that  everyone  also 
knew  that  it  was  not  generally  the  case 
any  considerable  distance  up  a  river.  To 
anyone  who,  like  himself,  had  been  accus- 
tomed to  work  on  such  a  river  as  the 
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Avon,  where  one  could  regularly  count 
on  two  to  three  hours  of  work  at  low 
water,  during  which  time  the  level  prac- 
tically remained  constant,  that  argument 
did  not  commend  itself  as  a  common- 
sense  view  of  the  question.  The  other 
fact  referred  to  the  proportion  between 
the  tidal  and  the  low-water  flow.  It 
really  required  no  diagram  to  convince 
anybody  that  the  amount  of  tidal  water 
running  up  and  down  a  river  was  great- 
er than  the  amount  of  low- water  flow  ;  in 
all  cases  it  was  much  larger,  and  in  many 
cases  a  great  many  times  larger,  than  it 
was  shown  in  the  diagrams,  Fig.  4.  It 
was,  however,  difficult  to  suppose  that 
Professor  Unwin  could  seriously  main- 
tain that  the  scour  of  the  bottom  of  a 
river  channel  was  simply  proportional  to 
the  amount  of  water  running  up  and 
down  through  that  channel.  With  re- 
gard to  the  suggestion  that  the  velocity 
at  any  particular  point  of  a  river  varied 
from  time  to  time  considerably,  that 
might  be  true,  at  least  in  some  cases  ; 
but  it  could  not  affect  his  experiments, 
which  gave  the  average  velocity  as  zero. 
The  only  other  remark  made  by  Profes- 
sor Unwin  which  needed  notice  was  that 
the  bottom  of  a  river  might  be  scoured 
by  the  tide,  while  the  sides  were  being 
silted  up.  If  that  were  so,  all  rivers 
were  tending  continually  to  become  nar- 
rower and  deeper,  but  he  was  not  aware 
of  any  facts  proving  that  that  was  the 
case.  The  whole  question  was,  whether 
the  rise  and  fall  of  the  tide  did,  in  fact, 
sweep  away  more  mud  than  it  deposited. 
Now,  supposing  that,  on  the  whole,  it 
swept  away  ToVo~  mcn  ^n  a  smgle  tide, 
and  thus  increased  the  depth  ToVo"  hich, 
which  was  as  little  as  one  could. well  put 
it  at,  at  that  rate  in  four  hundred  years 
the  bottom  of  a  river  would  be  lowered 
25  feet ;  and  he  should  like  to  know  what 
evidence  there  was  that  during  the  last 
four  hundred  years  the  bottoms  of  rivers 
had  been  deepened  to  that  extent  by  the 
action  of  the  tide.  Mr.  Browne's  way  of 
looking  at  the  matter  was  this :  There 
were  two  forces  at  work ;  there  was  the 
water  which  came  down  from  above  (he 
was  speaking  of  tidal  channels  in  general, 
excluding  special  cases),  and  there  was 
the  water  which  went  up  and  down  with 
the  tide.  The  way  to  find  out  which  of 
those  was  doing  the  work  was  surely  to 
examine  the  cases  where  they  acted  sep- 


arately. Now,  he  knew  of  no  case  where 
a  stream  ran  down  into  the  sea,  and 
where  it  had  become  completely  silted  up 
and  uuable  to  keep  its  channel  open. 
Nor  did  he  know  of  a  case  where  the 
fresh  water  had  been  taken  from  a  chan- 
nel, turning  it  into  a  creek,  and  where 
(of  course,  in  muddy  estuaries  or  muddy 
seas)  that  creek  had  not  begun,  more  or 
less  rapidly  (generally  very  rapidly)  to 
fill  up.  What  did  this  mean,  except  that 
the  tidal  water  tended  to  choke  up  the 
channels,  and  that  the  fresh  water  tended 
to  keep  them  open? 

He  was  obliged  to  Mr.  Redman  for 
confirming  his  views  as  to  the  silt  coming 
up  from  the  sea  and  accumulating  on  the 
shores,  but  he  altogether  repudiated  the 
proposition  attributed  to  him,  that  the 
net  amount  deposited  by  the  tides  and 
the  net  amount  scoured  by  the  fresh  wa- 
ter must  be  in  proportion  to  their  respec- 
tive volumes.  He  must  repeat  that  the  vol- 
umes had  nothing  to  do  with  the  ques- 
tion, nor  had  any  reason  been  given  for 
supposing  that  it  had.  He  would  not  go 
into  the  question  of  the  maintenance  of 
Harwich  and  other  harbors,  because  the 
facts  relating  to  those  cases  were  not  un- 
der discussion,  but  Mr.  Redman  had 
saved  him  all  trouble  by  disproving  his 
own  case.  He  wanted  to  show  that  the 
depth  of  harbors  was  due  to  the  amount 
of  tidal  water  which  passed  in  and  out, 
and  two  instances  adduced  were  Yar- 
mouth, having  6  million  tons  of  tidal 
water,  and  Montrose,  having  40  to  50 
millions,  which  had  just  the  same  depth  ; 
where  was  the  proportion  between  depth 
and  volume  in  those  cases  ?  With  regard 
to  Mr.  "Richardson's  view  that  tidal  chan- 
nels were,  in  general,  proportional  to  the 
upland  waters,  Mr.  Richardson  expressly 
spoke  of  moderate  tidal  channels,  such  as 
those  of  the  streams  falling  into  the 
Bristol  Channel,  not  such  as  the  Bristol 
Channel  itself,  which  was  practically  a 
part  of  the  ocean.  The  large  estuaries 
mentioned  by  Mr.  Redman  fell  into  the 
latter  category.  In  the  paper  he  had  ex- 
pressly excluded  the  consideration  of 
large  estuaries,  on  the  ground  that  he 
had  not  been  able  to  find  any  observations 
concerning  them. 

A  complaint  had  been  made  by  Mr.  J. 
Thornhill  Harrison  that  the  experiments 
did  not  extend  to  a  variety  of  points  at 
which  he  should  have  liked  information  ; 
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Diagram  of  experiments  on  surface  velocity  in  the  Avon,  September  21,  1880. 
N.B.— Q  denotes  velocity  determined  by  meter  at  surface. 
X  "  "  "      float,  " 


but  Mr.  Browne  thought  it  was  better  to 
restrict  experiments  to  the  one  point  to 
be  solved,  and  which,  in  this  case,  was 
the  ratio  of  bottom  velocity  to  surface 
velocity,  at  a  certain  spot  selected,  so  as 
to  give  a  fair  average  result.  With  re- 
gard to  the  accuracy  of  the  meter,  the 
surface  observations  for  the  second  se- 
ries of  experiments,  both  for  meter  and 
floats,  were  plotted  together  on  Fig.  13, 
and  it  would  be  seen  that  the  meter  ob- 
servations were  much  the  more  regular 
.of  the  two.     Except  for  the  two  observa- 


tions at  11.10  and  11.15  a.  m.,  which 
seemed  to  be  too  low,  they  could  not  be 
improved.  The  line  drawn  was  a  fair 
average  of  both  sets  of  observations,  and 
it  exactly  answered  to  the  description  in 
the  paper.  On  the  same  diagram,  lower 
down,  he  had  plotted  the  observations  on 
depth,  and  it  would  be  seen  that  they 
showed  a  very  steady  fall  up  to  about  12 
noon,  when  the  rate  diminished  sudden- 
ly, and  what  he  called  the  low- water  pe- 
riod began.  He  could  not  follow  Mr. 
Harrison  in  his  views  as   to  the  way  in 
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which  the  water  fell  in  the  river.  Even 
at  Netham  Dam,  itself,  there  must  be 
horizontal  motion  for  the  water  to  get 
away,  without  taking  any  account  of  the 
fact  that  there  was  fresh  water  coming 
over  the  dam  to  help  it.  Mr.  Harrison 
wished  to  argue  that  that  dam  ought  to 
be  removed,  but  that  dam  was  a  standing 
instance  of  the  truth  of  Mr.  Browne's 
views.  There  was  no  doubt  that,  when 
put  up,  it  interrupted  the  tidal  flow,  and, 
therefore,  on  his  opponents'  principles,  it 
ought  to  have  produced  silting  up  in  two 
parts — above  the  dam,  where  the  mud 
brought  down  by  the  river  would  have  to 
settle,  and  below  the  dam  in  the  New 
Cut,  where  there  would  be  a  diminished 
tidal  scour  to  keep  the  channel  clean. 
Now  there  was  a  good  deal  of  dr edging- 
done  at  Bristol,  but  it  was  never  done 
and  never  required  at  either  of  those  two 
places.  On  the  contrary,  the  places 
where  it  was  chiefly  required  were  in  the 
half- tide  basins,  and  at  the  lower  end  of 
the  floating  harbor  where  the  tidal  waters 
entered,  and  where  there  were  no  up- 
land waters  to  counteract  their  evil  ef- 
fects. That  was  a  simple  fact,  to  which 
he  spoke  from  full  personal  knowledge. 
Fortunately  for  Bristol,  Mr.  Jessup,  who 
constructed  the  floating  harbor  and  the 
Netham  Dam,  had  ignored  the  silting-up 
bugbear,  and  his  work  had  been  crowned 
with  complete  and  enduring  success. 

Some  objection  had  been  made  by  Mr. 
Law  to  the  term  low-water  flow,  which 
had  already  been  explained.  Mr.  Law 
had  also  described  an  elaborate  form  of 
meter,  which  appeared  to  be  valuable, 
and  had  mentioned  some  experiments,  of 
which,  as  they  were  not  described,  it  was 
impossible  to  say  whether  they  were  val- 
uable or  not.  With  regard  to  the  objec- 
tions taken  to  the  ordinary  form  of  meter, 
Mr.  Law  would  see,  on  reading  the  paper, 
that  none  of  them  applied  to  the  instru- 
ment used  by  Mr.  Shaw. 

The  facts  brought  forward  concerning 
the  Scheldt  by  Mr.  Russel  Aitken  natu- 
rally ranged  themselves  on  his  side  of  the 
question.  He  could  not,  however,  agree 
with  the  view  that  differences  in  the  tem- 
perature of  the  water  affected  the  ques- 
tion ;  in  a  river  like  the  Avon  such  differ- 
ences would  be  quite  insignificant. 

With  respect  to  Mr.  Vernon-Harcourt's 
observations,  it  was,  of  course,  true  that 
some  rivers  brought  down  a  good  deal  of 


silt,  but  as,  unlike  tidal  waters,  they  were 
always  in  motion,  they  did  not,  in  gen- 
eral, deposit  this  silt,  at  least  until  they 
reached  the  sea,  where  it  often  formed 
sand  banks,  &c.  The  idea  that  the  oscil- 
lations backwards  and  forwards  of  the 
water  in  the  tidal  area  kept  it  more  mud- 
dy, was.  however,  a  fallacy.  The  whole 
fresh-water  discharge  must  get  out  some- 
how in  the  course  of  each  tide,  otherwise 
the  river  would  rise  and  overflow,  and  in 
getting  out  would  carry  its  silt  with  it. 
The  case  quoted  of  a  sluice  near  Boston 
was  an  unfortunate  one,  because  the  fact 
that  the  accumulation  took  place  in  sum- 
mer, not  in  winter,  clearly  showed  that  it 
was  due  to  the  tide,  and  that  the  scour- 
ing power  of  the  fresh  water  behind  the 
sluice  was  not  used  to  clear  it  away.  The 
case  of  the  Vire,  mentioned  by  Mr.  Har- 
court,  had  not  escaped  him.  It  was  a 
good  illustration  of  the  circumstance  de- 
scribed in  another  part  of  the  paper. 
The  tidal  waters  passing  up  the  Vire,  and 
overflowing  a  large  area  of  waste  land  on 
both  sides,  greatly  increase  the  flow  at 
the  end  of  the  ebb,  and  when  they  were 
dammed  off,  the  bay  outside  the  mouth  of 
the  river  began  to  silt  up.  No  doubt  that 
might  be  prevented  to  a  great  extent  by 
judicious  scouring,  but  at  any  rate  it  was 
not  a  case  of  injury  to  a  navigable  chan- 
nel, as  Mr.  Vernon-Harcourt  had  said, 
but  to  a  bay  or  harbor. 

A  doubt  had  been  expressed  by  Mr. 
Atkinson  about  the  expediency  of  "dock- 
izing"  rivers,  because  he  thought  it  must 
cause  silting  both  above  and  below  the 
dam,  but  experience  showed  that  the  for- 
mer was  quite  insignificant  (at  least  in 
ordinary  cases),  and  that  the  latter  would 
be  perfectly  dealt  with  by  scouring.  Of 
this  the  new  Avonmouth  docks  were  a 
striking  instance ;  the  entrance  lock 
there  (and  indeed  every  entrance  lock) 
formed  exactly  such  a  dam,  and  there 
was  no  fresh  water  flowing  through  the 
dock.  It  was  prophesied  that  the  en- 
trance would  silt  up,  but  by  simply  using 
the  impounded  water  to  scour  with  at  low 
tide  (thus  creating  a  spurious  low-water 
flow)  it  was  easily  kept  clear.  If  that 
lock  were  permanently  opened,  and  the 
dock  left  to  the  mercies  of  the  all-power- 
ful tide,  it  would  be  silted  up  in  a  year 
or  two. 

The  case  of  the  Seine  was  nearly  paral- 
lel to  that  of  the  Vire  ;  but  Mr.  Shool- 
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bred's  illustration  from  the  Dee  was  most 
unfortunate.  It  appeared  that  a  large 
quantity  of  land  on  that  river  had 
been  embanked  with  success,  and  during 
that  time  no  complaints  were  made  as 
to  damage  to  the  navigation.  But  when 
a  further  attempt  was  made,  which  was 
a  failure,  the  tide  breaking  in,  and  wash- 
ing over  the  reclaimed  land  (as  he  had 
himself  seen  it),  then  it  appeared  that 
the  navigation  was  injured.  Whatever 
might  be  the  cause  of  that  injury,  one 
thing  was  absolutely  certain,  that  it  could 
not  be  the  shutting  out  of  the  tide, 
simply  because  the  tide  was  not  shut 
out. 

The  remarks  of  Mr.  Giles  on  the 
Thames  at  Gravesend,  and  the  Mersey  at 
Liverpool,  referred  to  large  estuaries, 
which  had  been  expressly  excluded.  With 
regard  to  the  Clyde,  the  "  correcting  "  of 
a  river  was  a  totally  different  thing  from 
embanking  it  as  to  diminish  the  tidal 
area,  as  had  been  done  so  successfully  in 
the  Thames,  Severn,  &c.  The  improve- 
ment of  the  Clyde  was,  no  doubt,  im- 
mense, but  it  had  been  achieved  by  what 
might  be  called  the  brute  force  of  dredg- 
ing, and  that  dredging  would  have  to  be 
continued,  or  the  channel  would  silt  up 
again  ;  whereas,  were  it  turned  into  a 
ship  canal,  as  Smeaton  had  advised  (of 
course  on  a  much  larger  scale  than  he 
suggested),  it  would  keep  open. 

He  accepted,  of  course,  Sir  John 
Coode's  correction  as  to  the  cause  of  the 
travel  of  shingle  along  the  East  coast, 
which  was  quite  immaterial  to  the  argu- 
ment. With  reference  to  Mr.  Higgins' 
remarks,  it  would  perhaps  have  been  bet- 
ter not  to  quote  M.  Bevy,  whose  experi- 
ments were  mainly  conducted  in  very 
large  rivers ;  and  in  these,  the  ratio  be- 
tween the  bottom  and  surface  veloci- 
ties appeared  to  have  a  character  of  its 
own. 

CORRESPONDENCE. 

Mr.  Laroche  would  confine  himself  to 
a  consideration  of  the  two  alternatives 
virtually  put  forward  by  the  author, 
i.  e. : 

(1)  The  entire  closure  of  a  tidal  river 
by  the  construction  of  a  transverse  dam, 
so  as  to  shut  out  the  tide  from  the  part 
above  the  dam,  thus  converting  it  into  a 
floating  basin. 

(2)  The  longitudinal  embankment  of 
the  sides  of  the  river. 


In  every  tidal  river  with  which  he  was 
acquainted,  if  the  channel  were  barred 
completely  by  a  transverse  dam  estab- 
lished within  the  course  of  the  river,  i.  e., 
at  a  point  notably  above  its  mouth,  as 
at  A  A,  Fig.  14,  the  following  effects 
would  be  produced.  If  Fig.  15  repre- 
sented the  primitive  longitudinal  section 
of  the  river  at  low  water,  this  profile 
would,  in  a  very  few  years  after  the  con- 
struction of  the  dam,  he  modified  to 
that  shown  in  Fig.  16.  An  enormous  al- 
luvial deposit  from  the  sea  bed  would 
occur  at  C,  tending  to  reach  to  the  level 
of  low  water,  and  even  above  it.  This 
would  happen  below  the  dam ;  above  it, 
also,  a  deposit  of  fluvial   silt   would  be 


produced,  proportionate  to  the  mean 
amount  of  the  land  water  brought  down 
in  floods.  If,  now,  it  were  desired  to 
establish  a  port  above  the  dam,  it  would 
be  necessary  to  cut  a  channel  through 
the  shoal  C.  To  effect  this  solely  by  nat- 
ural action,  without  having  recourse  to 
dredging,  the  head  of  water  retained  by 
the  dam  would  alone  be  available.  There 
would  apparently  be  no  more  efficient 
way  of  unsilting  the  required  channel 
than  by  allowing  the  dammed-up  water 
to  escape  violently  at  low  water.  But 
the  effect  of  this  mode  of  erosion  was 
well  known.  Water  thus  escaping  soon 
lost   its   impetus,  the  only  result  being 
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that  when  the  flushing  sluices  were 
opened  the  deposit  was  removed  from 
the  vicinity  of  the  dam  to  accumulate  at 
a  point  more  to  seaward,  as  shown  in 
Pig.  17. 

If  this  proposition  were  as  true  as  he 
thoroughly  believed  it  to  be,  it  was  diffi- 
cult to  see  how  the  condition  of  a  port 
situated  above  A  could  be  bettered  by 
the  establishment  of  such  a  dam.  In 
reality  there  would  have  been  formed  a 
vast  reservoir  of  fresh  water  above  the 
dam,  but  access  to  it  would  have  been 
made,  if  not  impossible,  at  least  much 
more  difficult  than  was  access  to  the  river 
before  the  dam  was  constructed. 


Wi&.  17 


As  regarded  longitudinal  banks,  he 
would  remark  at  the  outset,  that  of  all 
the  important  tidal  rivers  which  he  knew 
the  land  water  as  a  rule  formed  a  very 
small  part  of  the  volume  as  compared 
with  the  sea  water,  the  only  exception  be- 
ing the  floods  brought  down  at  certain 
kniwn  seasons,  and  for  a  few  days  at 
each  season.  If  ABC.  Fig.  18,  represent- 
ed the  river  bed  (A  being  in  the  tidal  and 
C  in  the  fluvial  part).  A'B'C  the  surface 
of  the  water  at  its  lowest,  and  A''B''C 
the  surface  when  the  tidal  wave,  after 
having  expended  itself,  began  to  acquire 
perceptible  motion  towards  the  sea 
throughout  the  whole  depth  AAA",  the 
whole  volume  of  water  comprised  be- 
tween the  surfaces  A'B'C  and  A''B"C", 


added  to  the  fresh  water  coming  down  at 
CC  ,  would  have  to  escape  by  the  section 
AA'A",  of  which  the  height  AA'  would  be 
constantly    diminishing.      Now,    he   had 
observed  in  the  tidal  rivers  he  was  ac- 
quainted   with    the  summit    of  the  tidal 
wave  B''  in  the  river  maintained  sensibly 
the  same  elevation  as   that    of  the  tidal 
wave  in  the   open    sea  in   front    of    the 
river's  mouth.     The  volume  A'B'C"B"A,, 
would  therefore  be  greater  in  proportion 
as  the  river  was  wider  above  the  point  of 
low  water,  A'A".      And  as  this   volume 
had  to  pass  off  at  A  A"  in  a  period  (gener- 
ally a  little  more  than  six  and  a  quarter 
to    six    and    a  half    hours,    occasionally 
seven  hours)  depending  above  all  on  the 
condition  of  the  tideway  below  AA'',  the 
speed  would  be  greater  in  proportion  as 
the   volume    having    to    escape    (within 
limits  of  time  of  small  variation)  was  it- 
self greater.     This  volume  would  also  be 
greater  in  proportion  as  the  basin  filled 
by  the  tide  above  AA'  was  greater,  that 
was,    as  its  depth  and  width  above  the 
point   of  low  water  were  greater.     The 
bottom-velocity  augmented  rapidly  from 
the  time  it  became  sensible,  in  projDortion 
as  the  water  fell.     Therefore  the  channel 
of  a  tidal  river  should   not  be  reduced 
above  the  point  A,  lest  the   depth  might 
be  decreased  at  that  point ;  and   it  fol- 
lowed that  the  sides  should  not  be  em- 
banked.    It  would  even  be  better  to  en- 
large the  capacity  of  the  basin,  if  regard 
had  only  to  be  had  to   the  question  of 
depth  at  A. 

To  sum  up,  he  was  not  in  favor  of  em- 
banking   tidal 
question    of 

water ;  for  there  was  too  much  reason 
to  fear  that  an  opposite  result  would  be 
obtained.  He  insisted  on  the  restrictive 
conditions  imposed  in  the  problem  as  he 
approached  it,  because  in  practice  the 
objects  in  view  were  never  so  simple  as 
he  had  supposed.  The  embankment  of 
certain  places  covered  by  the  tide  might 
be  imposed  by  circumstances  altogether 
foreign  to  the  present  subject.  He 
would  repeat  that  his  conclusions  were 
solely  based  on  two  points  observed  by 
himself :  (1)  That  the  top  of  the  tidal 
wave  in  a  river  was  sensibly  the  same  as 
that  of  the  same  wave  in  the  sea.  (2) 
At  a  given  point  in  the  tidal  portion  of  a 
river  the  duration  of  the  ebb  depended 
principally   upon   the   condition    of   the 


rivers   if  it   were    only  a 
increasing    the    depth    of 
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tideway  below  that  point,  and  that  it 
varied  within  very  small  limits  when  the 
river  was  in  its  usual  state.  It  followed 
that  the  width  of  the  basin  covered  by 
the  tide  above  the  point  in  question  had 
as  a  rule  little  influence  on  the  height  of 
the  tidal  wave  or  the  duration  of  the  ebb 
tide.  The  volume  of  water  brought 
into  this  basin  had,  on  the  contrary,  a 
very  great  influence  on  the  velocity  of 
the  ebb  at  the  point  under  consideration, 
that  was  to  say,  below  the  basin.  It  was 
evident  that  where  these  two  conditions 
did  not  occur  his  conclusions  would  not 
apply  ;  but  these  facts  had  been  demon- 
strated in  a  certain  number  of  tidal 
rivers  he  had  observed,  and  he  was  dis- 
posed to  accord  to  them  a  probable  char- 
acter of  generality. 

It  might  not  be  out  of  place  to  remark 


also,  that  if  at  the  same  time  that  the 
sides  of  a  river  were  embanked  the  bot- 
tom were  dredged  and  rectified,  the  dis- 
advantages of  the  first  course  of  treat- 
ment would  be  largely  compensated,  and 
the  combination  of  the  two  systems 
would  greatly  facilitate  the  propagation 
of  the  tidal  wave.  The  level  of  low 
water  in  the  upper  part  of  the  river 
would  be  lowered,  and  the  capacity  of 
the  reservoir  to  be  emptied  at  each  tide 
augmented,  to  the  great  advantage  of  the 
maintenance  of  the  depth  in  the  lower 
channel.  In  a  word,  if  a  compensation 
had  been  offered  for  the  embankment  of 
the  width  of  the  bed  by  the  increase  of 
its  depth,  and  by  rectifying  its  course, 
such  treatment  would  induce  a  modifica- 
tion in  the  conditions  at  once  consider- 
able and  advantageous. 


ELECTRIC  CONDUCTIVITY  OF  METALS  AND  THEIR  ALLOYS. 

By  M.  LAZARE  WEILER. 

Translated  from  a  Communication  to  the  Societe  Internationale  des  Electriciens. 


In  the  study  of  all  electrical  problems, 
and  especially  of  such  as  relate  to  dynamic 
electricity  and  its  applications,  we  are 
brought  at  the  outset  to  the  consideration 
of  conduction. 

Whether  it  be  a  question  of  light,  of 
force,  of  heat,  of  chemical  or  mechani- 
cal phenomena,  or,  in  a  word,  of  any  trans- 
formation whatever  of  electricity,  it  is  in- 
dispensable to  know  the  quantity  of  elec- 
tricity produced  at  the  source,  and  the 
amount  afforded  at  the  place  where  it  is 
utilized. 

The  nature  of  the  intervening  conduc- 
tor becomes  then  one  of  the  principal  ele- 
ments of  the  problem. 

In  the  dynamo-electric  machine  which 
is  only  a  conductor  or  a  series  of  conduc- 
tors subjected  to  magnetic  induction,  the 
property  of  conductivity  is  an  important 
one. 

The  properties,  therefore,  of  different 
metals  and  their  alloys,  as  regards  their 
power  of  transmitting  electricity,  afford  a 
subject  of  exceeding  interest. 

This  question  furthermore  merits  our 
attention  now,  for  the  reason  that  physi- 
cists who  have  heretofore  investigated  it 
have  failed  to  arrive  at  concordant  results, 


either  because  of  the  impossibility  of  ob- 
taining absolutely  pure  metals,  or  by 
reason  of  the  imperfections  of  the  appara- 
tus or  the  methods  for  electrical  meas- 
urement at  the  date  of  their  researches. 

When  Mathiessen  made  his  experiments 
(1863)  it  was  extremely  difficult  to  pro- 
cure certain  metals  in  a  pure  state.  He 
mentions  the  labor  necessary  to  produce 
5  or  10  kilograms  of  pure  metal,  while 
now  it  is  a  matter  of  daily  occurrence  in 
some  manufactories  to  deposit  by  elec- 
trolysis, metals  in  a  pure  state  by  the  ton. 

The  processes  employed  in  the  estab- 
lishment of  the  Nordeutsche-Affinerie,  at 
Hamburg,  as  well  as  certain  works  in  Bel- 
gium and  England,  lead  to  the  extraction 
and  separation  of  the  metals  from  argen- 
tiferous copper  ores,  which  contain  small 
quantities  of  silver  and  traces  of  gold, 
not  capable  of  separation  by  the  older 
methods. 

This  is  profitably  applied  to  ores  in 
which  the  presence  of  the  precious  metals 
did  not  formerly  affect  the  commercial 
value. 

Under  such  conditions  it  becomes  eas- 
ier and  all  the  more  necessary  to  review 
and  complete  former  researches.     This  is 
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the  work  that  I  have  been  able  to  under- 
take by  aid  of  the  special  facilities  af- 
forded me  by  a  carefully  fitted  laboratory, 
and  a  workshop  in  which  are  applied  on 
a  large  scale,  processes  which  were  not 
formerly  applied  outside  the  chemist's 
laboratory. 

I  shall  have  the  honor  to  resume  before 
you  the  researches  which  I  have  pursued 
for  some  years.  The  results  obtained  are 
far  from  being  complete,  but  they  permit 
us  to  closely  examine  certain  points  of 
the  theory  of  a  subject  upon  which  our 
ideas  are  not  yet  conclusively  formed. 
They  afford  in  all  cases  useful  corrections 
to  the  published  tables,  which  are  for  the 
most  part  afflicted  with  errors. 

This  double  claim  is,  I  trust,  sufficient 
to  engage  your  kind  attention. 

Researches  relative  to  the  conducting 
power  of  different  bodies  have  been  pur- 
sued only  in  recent  times.  Priestley  was 
the  first  to  attempt  the  determination  of 
the  conducting  power  of  metals  for  a 
static  charge  of  electricity. 

There  was  no  precision  in  his  method 
of  comparison.  He  employed  two  wires 
of  the  same  length  and  diameter,  but  of 
different  metals,  and  sent  charges  through 
them  until  one  was  fused.  The  fused 
wire  was  considered  the  poorest  conduc- 
tor. 

Davy  applied  the  same  general  method 
with  voltaic  currents,  and  succeeded  in 
establishing  the  law  relative  to  the  de- 
pendence of  electric  resistance  upon  the 
length  and  cross-section  of  the  wire. 

M.  E.  Becquerel,  who  has  written  a 
memoir  on  the  origin  of  these  researches, 
gives  the  table  of  relative  conductivities, 
as  measured  by  his  father,  who  was  the 
first  physicist  to  engage  seriously  in  this 
labor. 

The  table  is  as  follows : 

Copper 100 

Gold 93.60 

Silver 73.60 

Zinc 28  50 

Platinum 16.40 

Iron. 15.80 

Tin 15.50 

Lead 8.30 

Mercury 3.45 

Potassium 1 .  33 

Since  that  time  Pouillet  has  given  the 
same  measures  and  added  the  following 
table,  which  possesses  a  special  interest 
from  the  fact  that  it  exhibits  the  influence 


of   the  presence  of   foreign  bodies,  also 
of  tempering  and  annealing. 

Palladium 5791 

Silver  (963  fine) 5152 

"       (900   "   ) 4753 

11       (857   '«   ) 4221 

"       (747   "   ) 3882 

Gold,  pure 3975 

"       (951  fine) 1338 

"       (751    "  ) 714 

Copper,  pure 3838 

Copper,  annealed 3842 

Platinum 855 

Brass 200  to  900 

Cast  steel 200  to  500 

Iron 600  to  700 

Mercury 100 

The  selection  of  a  unit  for  comparison 
in  this  table  is  a' matter  of  some  interest. 

Pouillet  has  chosen  mercury  for  his 
standard  obviously  for  the  reason  that 
being  a  liquid,  it  is  the  metal  most  easily 
obtained  in  a  pure  state,  and  that  also, 
from  this  same  property  of  liquidity,  it 
is  exempt  from  those  variations  of  con- 
ductivity which  arise  from  annealing, 
hardening,  etc. 

These  considerations  prompted  the 
Congress  of  1881  to  select  mercury  for 
the  material  of  the  standard  of  resist- 
ance. At  a  second  reunion  of  this  Con- 
gress, this  selection  was  approved,  and 
the  ohm  was  defined  to  be  that  amount 
of  resistance  offered  by  a  column  of  mer- 
cury whose  area  of  section  is  one  square 
millimeter,  and  whose  length  is  106  centi- 
meters ;  the  temperature  being  0°  Centi- 
grade. 

The  important  researches  of  Becquerel, 
in  1846,  led  to  the  determination  of  the 
relative  conductivity  of  several  metals  at 
the  mean  temperature  of  12.75°. 

These  results  are  exhibited  in  the  fol- 
lowing table: — 

Hammered.        Annealed. 
Silver,  pure,  reduced  from 

chloride 93.448     ..     100 

Copper,    precipitated    by 

battery  and  fused. .. .  89.084     ..       91.439 

Gold,  pure 64.385     ..       65.458 

Cadmium 24.574 

Zinc 24.164 

Tin 13.656 

Palladium 12.977 

Iron 12.124 

Lead 8.245 

Platinum 8.042 

Mercury  (14°) 1.8017 

Mathiessen  afterwards  published  in  the 
Proceedings   of  the  Royal  Society  the 


290 


VAN"   KOSTRAND  S    ENGINEERING   MAGAZINE. 


following  table,  which  has  been  accepted 
for  practical  use  down  to  the  present  time : 


Resistance  in 

ohms  of  a  wire 

1  m.  lonsr,  &  1 

mm.  diam.       Conductivity. 

Silver,  annealed 

0.01937 

.       100. 

1 '        drawn 

0.02103 

92.1 

Copper,  annealed 

0.02)57 

94.1 

1 '        drawn 

0.02014 

94.1 

Gold,  annealed 

0.02650 

73. 

"        drawn 

0.02697 

73. 

Aluminum  annealed. . 

0.03751 

51.6 

Zinc,  rolled 

0.07244 

26.7 

Platinum,  annealed. . . 

0.1166 

16.6 

Iron,                " 

0.1251 

J5.5 

Mercury,  liquid 

1  2247 

1.58 

Nickel,  annealed 

0.1604 

12. 

Tin,  pressed 

0.1701 

11.4 

Lead,      "      

0.2526 
0.4571 

7.6 

Antimony,  pressed 

4.2 

Bismuth,         " 

1.689 

1.1 

ALLOYS. 

Platinum  1,  Silver  1 

(drawn  or  annealed) 

0.3140 

6.1 

German    Silver 

(drawn  or  annealed) 

0.2695 

7  2 

QoldS',  Silver  1 

0.1399 

13.8 

An  examination  of  these  tables  shows 
a  want  of  accordance,  not  only  in  the  rela- 
tive conductivities  of  the  different  metals, 
but  also  in  their  order.  Thus  silver  oc- 
cupies the  third  place  in  the  table  of  the 
elder  Becquerel,  whereas  it  should  have 
been  in  the  first.  Also  Palladium  is  in 
the  first  place  in  Pouillet's  table,  while 
it  should  have  been  placed  last. 

These  differences  justify  the  new  re- 
searches, which  are  furthermore  prompted 
by  that  desire  for  precision  which  the 
daily  progress  in  the  practical  application 
of  electricity  renders  necessary. 

I  now  proceed  to  present  a  resume  of 
my  researches  in  determining  the  re- 
sistance of  metals  and  alloys :  then  the 
results  of  experimenting  upon  the  influ- 
ence of  temperature,  and  finally,  upon  the 
relations  more  or  less  intimate  between 
the  electric  and  thermic  conductivity.  I 
shall  hand  to  you  a  set  of  small  bars 
which  have  been  prepared  for  these  experi- 
ments. These  bars,  as  you  see,  have  been 
cast  with  a  diameter  of  about  13  millime- 
ters. They  have  been  cut  in  such  a  man- 
ner as  to  exhibit  the  grain  of  a  fracture, 
and  the  detached  portion  has  been  drawn 
into  wire,  upon  which  the  experiments 
now  to  be  described  were  tried. 

In  case  of  the  alloys  which  cannot  eas- 
ily be  drawn  or  rolled,  as  some  of  the 
compounds  of  silicon  or  phosphorus,  the 
experiments    have    been    tried    directly 


upon  the  bars  themselves  by  the  method 
of  Sir  William  Thomson. 

In  conducting  the  experiments,  the 
bars  were  supported  upon  Y-shaped  rests, 
placed  at  an  invariable  distance  apart. 
These  rests  were  respectively  in  communi- 
cation with  two  resistances  composed  of 
two  parts,  of  which  one  is  one  thousandth 
of  the  other. 

A  Wheatstone  bridge,  a  differential  gal- 
vanometer, a  battery  of  four  cups,  and  a 
contact  key  complete  the  apparatus. 

The  measurements,  which  were  very 
long  and  minute,  and  made  upon  a  great 
number  of  specimens,  were  made  in  part 
by  the  writer  at  the  workshop  at  An- 
gouleme,  with  the  assistance  of  Messrs. 
X.  Muller  and  J.  Stahl,  engineers  of  the 
establishment,  and  partly  by  M.  Duflon, 
electrical  engineer  in  the  measuring  room 
of  M.  Sciami,  director  of  the  Maison 
Breguet. 

These  latter  experiments  were  those 
made  upon  the  bars  themselves. 

The  number  of  specimens  submitted  to 
your  examination  is  thirty-four.  Their 
conductivities  compared  with  silver  and 
pure  copper  are  given  in  the  following 
table. 

Silver 100 

Copper,  pure 100 

"         refined  and  crystallized 99.9 

Bronze,  silicious,  telegraphic 98. 

Copper  and  silver  alloy;  eq    parts 86.65 

Gold,  pure 78 

Copper  with  4    per  cent,  of  silicon 75 

"     12      "  "         54.7 

Aluminum,  pure 54 . 2 

Tin ,with  12  per  cent,  of  sodium 46.9 

Silicious  bronze,  telephonic 35 . 

Copper  with  10  per  cent,  of  lead 30. 

Zinc,  pure 29.9 

Phosphor-Bronze,  telephonic 29 . 

Brass,  silicious,  25  per  cent,  of  zinc 26.49 

Brass  with  35  per  cent,  of  zinc 21 .5 

Tin  phosphide 17.7 

Gold  and  silver  alloy ;  eq.  parts 16 .  12 

Swedish  Iron 16 . 

Tin,  pure  ;  banca • 15 .  45 

Antimony-Copper 12  7 

Aluminum-Bronze 12 . 6 

Siemens  steel 12 . 

Platinum,  pure 10 . 6 

Copper  with  10  per  cent,  of  nickel 10.6 

Cadmium  15,  mercury  85 10.2 

Bronze,  Mercurial,  dronier 10.14 

Arsenical  copper ;  10  per  cent,  arsenic . .     9.1 

Lead,  pure 8.88 

Bronze,  containing  20  per  cent,  tin 8.4 

Nickel,  pure 7.89 

Phosphor-Bronze  with  20  per  cent.  Tin  .     6.5 

Copper  with  9  per  cent,  phorphorus 4.9 

Antimony 3.88 
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A  large  number  of  experiments  were 
tried  upon  alloys  and  compounds  not 
represented  in  the  above  series. 

It  will  be  observed  that  in  the  results 
recorded  above,  resistances  are  not  given 
in  ohms,  but  conductivities  are  expressed 
relatively  to  a  selected  standard,  which  is 
pure  silver.  A  wire  of  this  metal,  one 
millimeter  in  diameter,  offers  a  resistance 
at  0°  Centigrade  of  19.37  ohms  per  kilo- 
meter. 

Pure  silver  and  pure  copper  are  the 
best  known  conductors  of  electricity.  The 
ease  with  which  silver  can  be  obtained  in 
a  pure  state  would  seem  to  entitle  it  to 
the  position  of  standard  of  comparison. 
It  also  oxidizes  with  greater  difficulty 
than  copper,  and  its  oxide  is  a  better 
conductor.  In  this  last  peculiarity,  there 
is  less  chance  of  error  when  comparisons 
are  made  with  silver  for  a  standard. 

Gold  has  a  conductivity  of  78.  The 
alloy  of  gold  and  silver  calls  attention  to 
a  remarkable  fact.  When  silver  is  alloyed 
with  a  small  percentage  of  gold,  the  con- 
ductivity immediately  diminishes.  2  per 
cent,  of  gold  is  sufficient  to  reduce  the 
conducting  power  from  100  to  60.  An 
increase  in  the  proportion  of  gold,  how- 
ever, is  attended  with  a  decrease  of  con- 
ductivity at  a  less  rapid  rate,  the  mini- 
mum of  16.12  being  the  conductivity  of 
an  alloy  of  equal  parts  of  gold  and  silver. 

If  the  varying  conductivities  of  the  dif- 
ferent proportions  of  gold  and  silver  al- 
loy be  represented  by  a  curve,  it  will  be 
found  to  take  the  form  of  a  parabola 
whose  axis  is  perpendicular  to  the  axis  of 
X.  The  curve  descending  from  the  or- 
dinate 100  for  pure  silver  to  16.12  for  the 
alloy  of  equal  parts  of  the  two  metals 
and  rising  to  78  for  pure  gold. 

This  singular  phenomenon  seems  to  in- 
dicate that  a  kind  of  interference  is  pro- 
duced analogous  to  that  when  rays  of 
light  partially  extinguish  each  other  by 
superposition.  This  is  not  an  explana- 
tion, but  a  simple  analogy. 

It  should  be  remarked,  however,  that  it 
is  not  true,  though  sometimes  asserted, 
that  in  an  alloy  the  electric  conductivity 
is  always  lower  than  that  of  the  poorest 
conductor  of  the  constituents.  It  is  sinrply 
demonstrated  that  the  union  of  two  bodies 
modifies  to  a  great  extent  their  separate 
conductivities,  and  this  fact  ought  certain- 
ly to  lead  some  time  to  interesting  results. 

In  examining  the  foregoing  table,  we 


find  platinum  with  a  conductivity  of  10.6. 
Aluminum,  which  is  distinguished  from 
the  other  metals  by  its  want  of  density, 
has  the  considerably  higher  conductivity 
of  54.2.  This  is  partly  compensated  for 
by  its  low  specific  weight.  But  it  is  a 
mistake  to  consider  its  lightness  as  a 
quality  fitting  it  some  day  for  aerial  tele- 
graph lines.  Its  tenacity  is  rather  feeble, 
and  its  tensile  strength  falls  from  10  kilo- 
grams per  square  millimeter  in  the  hard 
metal,  to  6  or  7  kilos  only  in  the  annealed 
metal. 

Iron,  steel,  lead,  zinc,  and  tin,  possess 
low  conducting  powers,  and  the  results 
in  the  table  are  not  insisted  upon.  It  is 
sufficient  to  consider  them  in  connection 
with  results  previously  found. 

Copper,  however,  is  to  be  regarded  with 
interest  and  care,  as  it,  with  its  alloys,  is 
regarded  as  the  typical  conductor  of  elec- 
tricity. It  possesses  when  unalloyed  and 
is  free  from  its  oxide,  a  conducting  power 
equal  to  silver.  Its  cost  is  low  enough 
to  render  it  available  for  industrial  uses. 
It  is  malleable,  and  some  of  its  alloys 
possess  a  remarkable  tenacity. 

It  is  interesting  to  note  the  increase  in 
the  conducting  power  of  copper  with  the 
improvement  in  manufacture.  In  the  late 
discussion  upon  electric  conductors,  Mr. 
Preece  exhibited  the  following  table, 
showing  the  progress  in  conductivity  of 
submarine  cables : 

Submarine  Cables.          Date.  Conductivity. 

Dover-Calais 1851  . .     42 

Port  Patrick-Donaghadee . .  1852  . .     46 

Transatlantic 1856  . .     50 

Red  Sea 1857  ..     75 

Malta-Alexandria 1861  . .     87 

Persian  Gulf 1863  ..     89.14 

Transatlantic 1865  . .     96 

Irish  Sea 1883  ..     97.9 

Pure  Copper —  . .  100. 

A  similar  progressive  increase  in  the 
conductivity  of  the  copper  wire,  furnished 
to  the  Administration  Francaise  des  Tel- 
egraphes,  which,  after  having  for  many 
years  exacted  a  conductivity  altogether 
indeterminate,  so  to  speak,  has  been  grad- 
ually led  to  adopt  figures  quite  compar- 
able to  the  highest  in  our  table. 

The  variation  in  the  conductivity  of 
copper  is  due  to  two  principal  causes  : 
the  presence  of  other  bodies ;  and  the 
presence  of  a  varying  quantity  of  copper 
oxide. 

Mathiessen  and  Holzmann  have  made 
a  series  of  interesting  experiments  bear- 
ing upon  this  subject. 
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The  first  table  exhibits  the  conductivi- 
ties of  copper  of  different  sections. 

Conduc-     Tem- 
tivity.   perature. 
1st.  Spanish  copper  from   Rio 

Tinto,  containing  2  %  of  ar- 
senic with  traces  of  oxides  of 

copper  lead  and  nickel 14.24  . .  14.8° 

2d.    Russian ;     Demidoff    with 

traces  of  arsenic,  iron    and 

nickel  oxides 59.34  ..  12.7° 

3d.  ' '  Tough  cake, "  location  not 

specified,  traces  of  lead,  iron, 

nickel  and  antimony  oxides. .  71.03  ..  17.3° 
4th.  ,  traces  of  iron,  nickel 

and  antimony  oxides 81.35  . .  14.2° 

5th.  Australian,    Burra-Burra, 

traces  of  iron  oxide  only 88.86  . .  14.0° 

6th.  American :  Lake  Superior, 

3  %  of  silver,  with  traces  of 

iron  and  copper  oxide 92 .  57  . .  15 . 0° 

The  second  table  exhibits  the  conduc- 
tivity of  copper  containing  traces  of  dif- 
ferent substances. 


Copper  with 


Conductivity.  Temperature. 


17.5° 

22.1° 

20.0° 

16.8° 

19.1° 

19.7° 

10.3° 

15.8° 

10.3° 

13.1° 

11.2° 

14.4° 

17.1° 

16.8° 

19.7° 

20.7° 

18.7° 

12.° 

12.° 


2 .  50  %  phosphorus 7 .  24 

0.95  "  23.24 

0.13  "  67.67 

5.4$  arsenic 6 .  18 

2.8        "        13.14 

Traces  of  arsenic 57.8 

3.2$  zinc 56.98 

1.6      "     76.35 

Traces  of  zinc 85 .  05 

1.06  #  iron 26.95 

0.48      "     34.56 

4.90$  tin 19.47 

2.52     "    32.64 

1-33     "    48.52 

2.45  #  silver 79.38 

1.22      "      86.91 

3.50#gold 65.36 

0.31  %  antimony 64.5 

0.29  #  lead 64.5 

These  results  are  approximately  the 
same  as  those  we  have  obtained,  and 
which  we  have  already  referred  to. 

A  third  table  exhibits  the  influence  of 
the  presence  of  copper  oxide  in  the 
metal. 

The  first  five  examples  are  of  cold-drawn 
wire  of  pure  copper  : 

Mode  of 
No.  Preparation.  Conductivity. 

1.  Reduced  by  hydrogen 93.00 

2.  Deposited  by  battery ;  not 

fused 93.46 

3.  Commercial  copper 93 .  02 

4.  Ex.  No  3  remelted  in  hy- 

drogen.   92.76 

5.  The  same  treated  with  a 

jet    of    hydrogen    while 

fused 92.99 

(It  has  been  noticed  that  the 
conductivity  has  been 
raised  about  2£  per  cent, 
by  annealing.) 


Tem- 
perature. 

.     18.6° 


20.2° 
18.4° 

,19. 3C 


17. 5C 


Mode  of  Tem- 

No.  Preparation.  Conductivity,    perature. 

Copper  containing  an  unde- 
termined amount  of  oxide .  73.32     ..     19.5° 

Deposited  copper  taken  from 
a  bar,  fused  on  charcoal,  and 
cast  in  an  atmosphere  of 
hydrogen 93.3       ..     12.8° 

Copper  same  as  preceding 
taken  from  a  porous  bar; 
cast  in  a  mould  under  ordi- 
nary conditions 94.8       ..     13.° 

Deposited  copper,  treated  to 
cementation  with  charcoal, 
and  containing  silicon  with 
traces  of  iron  and  phos- 
phorus   62.8       ..     13.° 

It  may  be  added  as  a  commentary  on 
the  last  results  that  in  France  pure 
copper  wire  is  prepared  by  a  special 
process,  which  completely  eliminates  the 
oxide.  Copper  thus  prepared  has  the 
conducting  power  of  silver.  It  has  been 
measured  recently  by  the  telegraphic 
authorities  mentioned  above,  and  with 
the  result  of  exhibiting  a  conductivity  of 
102  by  the  standard  heretofore  used,  and 
whose  imperfections  were  thus  demon- 
strated. 

I  cannot  remember  by  what  chain  of 
circumstances  I  was  led  to  study  the 
compounds  of  copper  and  silicon,  pre- 
pared for  the  first  time  by  M.  Henri  St. 
Clair  Deville,  and  apply  them  practically 
to  the  uses  of  the  telegraph  and  the  tele- 
phone. 

Coppers  and  bronzes  prepared  under 
such  conditions  are  much  used  for  aerial 
telegraph  and  telephone  lines.  Their  elec- 
trical and  physical  qualities  permit  us  to 
believe  that  the  time  is  gone  in  which 
iron  and  steel  enjoy  the  monopoly  in  such 
transmission. 

It  is  certain,  as  has  been  remarked  by 
the  eminent  electrician  in  chief  of  the 
London  Post  Office :  "  Aerial  lines  should 
no  longer  be  limited  to  the  single  quality 
of  tensile  strength.  At  a  time  when  the 
apparatus  for  rapid  transmission  occupies 
all  the  great  telegraphic  routes,  the  lines 
should  be  made  of  very  good  conductors ; 
the  surfaces  reduced  so  as  to  offer  the 
least  possible  chance  for  induction,  and 
they  ought  also  to  offer  but  little  surface 
to  the  wind  and  snow,  and  should  be  prac- 
tically indestructible." 

Mr.  Preece  does  not  hesitate  to  con- 
clude that  iron  and  steel  wires  have  had 
their  day,  and  they  will  soon  be  replaced 
by  wires  of  copper  and  its  alloys.  The 
j  latter  fulfill  not  only  all  the  required  con- 
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ditions,  but  when   once  erected,  cost  no 
more  than  lines  heretofore  used. 

VARIATION    OF    CONDUCTIVITY  WITH    CHANGE 
OF    TEMPERATURE. 

The  influence  of  temperature  on  electric 
conductivity  is  well  known.  Heat  ex- 
pands bodies,  and  thus  separates  their  mo- 
lecules by  spaces  of  greater  or  less  width. 

It  would  seem  to  follow  therefore  that 
heat  should  modify  the  conducting  power 
in  a  manner  depending  upon  whether 
the  molecule  or  the  intervening  space  is 
the  better  conductor. 

In  the  case  of  metals,  elevation  of  tem- 
perature diminishes  the  conductivity. 
Silver  sulphide,  on  the  other  hand,  ac- 
cording to  Faraday,  gains  in  conducting 
power  as  its  temperature  is  raised. 

Non- metallic  elements  are  unlike  the 
elements  in  this  respect.  A  familiar  ex- 
ample is  afforded  by  the  incandescent 
lamps.  The  conductivity  of  the  filament 
is  notably  greatest  at  the  time  of  incan- 
descence than  when  it  is  cold. 

Becquerel  made  researches  upon  this 
subject  in  1846.  Without  considering 
the  details  of  his  method,  we  will  liinit 
ourselves  to  mentioning  the  fact  and  to 
giving  some  of  his  results.  The  coeffi- 
cient of  increase  of  resistance  is  given 
in  the  following  table,  for  each  degree 
rise  in  temperature : 

The  coefficient  is  the  value  of  k  in  the 
formula:  H=r(l  +  kt);  in  which  r  is  the 
resistance  at  0°  and  R  that  at  t°. 

Mercury 0.001040 

Platinum 0.001861 

Gold 0.003397 

Zinc 0.003675 

Silver 0  004022 

Cadmium 0.004040 

Copper 0  004097 

Lead 0.004349 

Iron:    0  004726 

Tin  possibly  containing  lead.  0.005042 
Tin,  pure 0.006188 

The  change  of  volume  due  to  the  ex- 
pansion has  in  reality  no  effect.  The 
augmentation  of  conductivity,  when  this 
is  the  consequence,  is  nearly  baknced  by 
the  diminution  resulting  from  the  increase 
in  length,  which  is  a  part  of  this  same 
expansion. 

The  relative  conductivity  of  several 
metals  (the  bodies  of  most  interest  in  this 
relation)  are  given  in  the  following  table, 
which  should  be  compared  with  that  by 
the  same  physicist  previously  given  for 
the  mean  temperature  of  12.75°  : 


Conductivity 

at  0°.  at  100°. 

Silver,  pure,  annealed  . . .  .100.  . .  71.316 

Copper,  pure,  annealed. . .  91.517  ..  64.919 

Gold,         "            "         ...  64.960  ..  48.489 

Cadmium 24  579  . .  17.506 

Zinc.   24.063  ..  17.596 

Tin 14.014  ..  8.657 

Iron,  annealed 12.350  ..  8.387 

Lead 8.277  ..  5.761 

Platinum,  annealed 7 .  933  . .  6 .  688 

Mercury,  distilled 1 .  7387  . .  1 .  5749 

We  have  at  present  no  similar  experi- 
ments of  oiu*  own  with  which  to  compare 
these.  We  may  therefore  accept  these 
results  for  the  present,  with  the  reserva- 
tion before  expressed,  relating  to  the 
purity  of  the  metals  and  the  precision  of 
the  methods.  We  shall  have  occasion  to 
refer  to  this  subject  in  the  next  communi- 
cation. 

ELECTRIC    COMPARED    WITH    THERMIC 
CONDUCTIVITY. 

The  prevalent  notions  regarding  the 
identity  of  divers  physical  phenomena 
have  led  physicists  to  seek  to  determine 
the  relation  between  heat,  light,  and  elec- 
tricity. 

Without  repeating  the  theories  bearing 
upon  this  subject,  I  may  recall  the  opin- 
ions expressed  in  relation  to  the  analogy 
between  electric  and  thermic  propagation, 
by  giving  the  figures  previously  referred 
to,  and  specify  the  experiments,  the  re- 
sults of  which  will  form  the  subject  of  a 
later  communication 

The  analogy  referred  to,  has  been  sup- 
posed to  exist  since  it  was  known  that 
some  metals  appeared  in  the  same  order 
when  classified  either  by  their  electric  or 
their  thermic  properties.  Also  metals 
are  good  conductors  of  heat  and  electicity, 
while  clialectrics  are  generally  poor  con- 
ductors of  heat.  Furthermore,  the  coef- 
ficients of  conduction  for  heat  and  elec- 
tricity are  for  many  metals  nearly  the 
same. 

The  researches  of  Wiedmann  and  Franz 
yielded  the  following  results  : 

Conductivity. 
Thermic.      Electric. 

Silver 100       ..       100 

Copper 74       . .         73 

Gold 53       . .         59 

Brass 24       . .         22 

Tin 15       ..         23 

Iron 12       ..         13 

Lead 9       ..         11 

Platinum 8       .  .         10 

German  silver 6       . .  6 

Bismuth 2       . .  2 


294 


VAN  NOSTRA  NITS    ENGINEERING  MAGAZINE. 


These  results  are  certainly  very  inter- 
esting, and  at  first  view  tend  to  mislead 
those  experimenters  who  seek  to  simplify 
the  explanations  of  physical  phenomena, 
and  who  are  always  seeking  to  unify  the 
theoretical  conceptions  of  elementary 
laws. 

Meanwhile,  we  do  not  find  it  possible 
to  accept  unreservedly  these  results,  nor 
the  conclusions  which  it  is  desired  should 
be  drawn  from  them.  We  know  that 
the  table  of  electric  conductivities  needs 
revision.  Copper,  for  example,  appears 
in  the  table  of  Wiedmann  and  Franz  with 
a  coefficient  of  73  for  electric  conductivity, 
whereas  it  is  well  known  to  be  entitled  to 
rank  with  silver  at  the  top  of  the  scale. 

We  find,  also,  some  remarkable  diver- 
gences in  the  following  list : 

Conductivity. 
Thermic.      Electric. 


Copper 73.6 

Gold 53.2 

Zinc 19.1 

Aluminum 19 . 6 

Silicious  bronze 68. 

Antimony 21 . 5 

Tin  with  sodium  .. .  13.34 


100. 

78. 
29.9 
54.2 
98. 
3.8* 
46.9 


The  whole  question  clearly  deserves  to 
be  restudied  without  the  embarrassments 
of  preconceived  theories. 

We  have  undertaken  this  new  study, 
and  we  will  limit  ourselves  here  to  de- 
scribing our  preliminary  experiments. 
These  researches  have  been  carried  on 
with  the  valuable  assistance  of  M.  Jan- 
netaz ;  Maitre  cle  Conferences  of  the  Sor- 
bonne,  who  has  willingly  brought  to  our 
aid  his  profound  knowledge  of  the  subject, 
and  the  apparatus  with  which  he  prose- 
cuted his  previous  labors  in  determining 
the  conduction  of  heat  in  minerals. 

The  process  which  he  employed  and 
which  we  have  adopted  is  as  follows : 

The  apparatus  as  devised  by  M.  Jan- 
netaz,  consists  essentially  of  a  plate  upon 
which  is  placed  the  mineral,  whose  con- 
ducting power  is  to  be  tested.  This  body 
has  been  previously  prepared  by  coating 
a  plane  face  of  it  with  a  thin  layer  of  wax 
or  grease.  In  contact  with  this  is  a  small 
bead  of  platinum  about  the  size  of  the 
head  of  a  pin,  which  has  been  welded  to 
the  apex  of  a  triangle  of  platinum  wire.  A 
current  being  sent  through  the  wire  heats 
it ;  the  bead  fusing  the  wax  over  a  circular 
or  elliptical  space,  whose  dimensions,  tak- 
ing into  account  the  temperature  of  the 


wire  and  the  time  of  contact,  afford  data 
for  determining  the  conducting  power  of 
the  specimen. 

To  complete  the  description,  it  is  only 
necessary  to  add  that  the  wire  is  brought 
through  a  copper  casing  which  is  supplied 
with  a  current  of  cold  water,  and  that  the 
wire  is  also  supported  by  a  carrier,  which 
facilities  making  contact  with  or  with- 
drawal from  the  specimen. 

It  is  with  this  apparatus  that  we  have 
begun  our  researches.  Unfortunately, 
it  has  not  been  possible  in  the  time  avail- 
able, to  prepare  thin  plates  of  the  metals 
and  alloys.  We  have  been  obliged  to  con- 
tent ourselves  with  half-cylinder  sections, 
cut  from  the  little  bars  employed  in  the 
previously  mentioned  experiments.  Un- 
der these  circumstances,  the  external  con- 
ditions may  have  modified  the  results, 
and  we  prefer  at  present  not  to  exhibit 
numerical  results  which  may  require  cor- 
rection. 

It  is  sufficient  now  to  say  that  some  of 
the  results  appear  to  invalidate  the  law 
of  identity  above  referred  to,  and  others 
lead  to  the  interesting  conclusion  that 
there  may  be  a  difference  of  conductivity 
in  the  same  metal  depending  upon  the 
method  of  preparation,  whether  it  was 
cast,  drawn,  or  rolled. 

You  will  notice  upon  the  specimens 
submitted  to  you,  which  bear  traces  of 
these  experiments,  that  the  elliptical  form 
of  the  curved  spaces  takes  a  direction  cor- 
responding to  the  lamination  of  the  speci- 
men. 

We  have  completed  the  observations 
which  we  set  out  to  present  to  you, 
and  which,  as  you  see,  form  a  programme 
of  researches  to  be  made  quite  as  much 
as  of  results  accomplished. 

We  wish  especially  before  closing,  to 
call  your  attention  to  the  double  interest 
attaching  to  the  subject  which  has  enlisted 
your  attention.  From  the  practical  point 
of  view  alone,  the  subject  is  of  the  high- 
est importance,  as  has  been  shown  by  the 
results  obtained,  bearing  as  they  do  upon 
the  vast  problem  of  transmission  of  elec- 
tric energy. 

But  we  do  not  insist  upon  this  point. 
The  estimate  of  this  subject  from  the 
scientific  standpoint  is  no  less  great,  in- 
volving as  it  does  the  nature  of  electric- 
ity itself. 

Among  the  facts  which  we  have  noted, 
we  will  refer  again  to  the  strange  anoma- 
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ly  exhibited  by  the  alloys  as  conductors 
of  electricity,  when  we  consider  them  as  \ 
compound  substances.  This  might  serve 
as  an  occasion  to  review  the  theories  pro- 
mulgated by  certain  eminent  physicists  ;  | 
Clerk- Maxwell  among  others.  But  these 
theories  are  yet  such  mere  hypotheses, 
and  their  interpretation  appear  to  me  so 
abstract  that  I  fear  to  venture  upon  this 
ground. 

But  there  is  no  rashness  in  affirming 
that  in  the  resistance  offered  by  a  body 
to  the  electric  current,  the  magnetic 
orientation  of  the  molecules  of  each  body 
plays  an  important  part.  Each  of  them, 
influenced  by  the  passage  of  the  current 
to  a  degree  probably  depending  upon  its  j 
constitution,  modifies  the  resistance. 

The  question  may  be  asked  whether 
the  compound  molecules  of  the  alloys  do 
not  behave  as  other  elementary  electric 
couples,  having  a  special  electromotive 
force  that  determines  the  passage  of  the  j 
current,  and  which  produces  in  the  total 
mass  a   series   of  currents   analogous  to  j 
the  so-called  Foucault   currents,  the  ef-  j 
feet  of  which  is  contrary  to  that  of  the 
primary  current. 

We  are  tempted  to  believe  that  in  the  j 
alloys    the    chains    of    molecules  of    the 
same  kind  are  not  able  to  act  like  a  cable 
made  of  wires  of  different  metals.    As  the  j 
alloy  of  equal  parts   of  gold  and  silver  I 
has   already   been  referred  to,  let  us  de- 1 


termine  the  resistances  under  the  differ- 
ent conditions.  If  the  current  be  trans- 
mitted through  two  wires  each  a  kilome- 
ter long  and  a  millimeter  in  diameter, 
one  being  of  gold  and  one  of  silver,  the 
formula  for  derived  currents  enables  us 
to  determine  the  total  resistance.  The 
formula  is : 

_  Bt  R, 

The  resistance  of  the  silver  being  19 
ohms,  and  of  the  gold  24.36  ohms,  the 
total  is  by  the  above  formula,  13.38  ohms. 

But  a  wire  made  of  the  alloy  in  these 
proportions,  having  the  same  length  and 
a  double  cross-section,  offers  a  resistance 
of  58.50  ohms. 

This  result  shows  that  the  law  govern- 
ing derived  currents  does  not  apply  in 
the  case  of  conduction  through  alloys. 

Some  other  cause  intervenes  ;  possibly 
such  an  one  as  is  mentioned  above ;  per- 
haps an  unknown  cause  which  essentially 
modifies  the  flow  of  electricity. 

We  may  be  permitted  to  recommend 
this  investigation  to  physicists,  and  we 
are  ready  to  devote  our  efforts  to  the 
same  end. 

If  this  task,  to  the  accomplishment  of 
which,  we  wish  to  dedicate  ourselves,  is 
crowned  with  success,  we  shall  be  suffi- 
ciently recompensed  by  the  satisfaction 
which  labor  affords  to  those  who  seek 
thereby  to  advance  science. 
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Among  the  most  important  discoveries 
of  receirt  years  few  have  received  so 
much  attention,  and  had  such  bright 
prospects,  as  the  accumulators  of  Plante 
and  their  various  modifications.  All  sorts 
of  wild  schemes  were  set  afloat  for  their 
utilizition,  the  principal  one  being  to 
talk  about  the  time  when  electricity  by 
means  of  these  accumulators  could  be 
delivered  every  morning  from  house  to 
house  like  milk.  The  result  of  this 
would  have  been  much  the  same  as  if  a 

*  This  communication  was  read  and  discussed  at  a 
meeting  of  the  students  on  the  16th  of  January,  1885. 


water  company  attempted  to  supply  water 
to  its  customers  by  sending  round  so 
many  gallons  every  day  in  carts,  or  bet- 
ter still  a  gas  company  deliveriDg  bags 
full  of  gas  ready  for  use,  one  being  as 
impracticable  as  the  other.  These  ideas 
were  soon  dispelled,  and  then  followed 
disappointment,  and  of  course  general 
condemnation  of  secondary  batteries. 

But  all  this  time  inventors  had  been 
steadily  turning  their  attention  in  this  di- 
rection. Many  improvements  have  been 
introduced,  and  numbers  of  difficulties, 
before  considered  fatal  to  them,  have  been 
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overcome.  They  are  still  far  from  per- 
fect, though  it  may  yet  be  expected  that 
accumulators  or  secondary  batteries  will 
play  the  most  important  part  in  all  ex- 
tended systems  of  electric  lighting,  trans- 
mission of  power,  and  the  satisfactory 
solution  of  the  utilization  of  wind  and 
water  power. 

The  earliest  form  of  accumulator  was  a 
voltameter   worked  backwards,  and  was  ' 
first   observed  in    1801,  by   the  French 
chemist,    Gautherot.      Two   years   later,  I 
Bitter,  in  Germany,  carried  out  a  number  | 
of  experiments  in  the  same  direction,  and  j 
endeavored   to   utilize   the   reaction ;  he  \ 
employed  for  this  purpose  two  plates  of 
gold,,  separated  from  each  other  by  flan- 
nel kept  moistened  with  acid,  and  charged 
by  an  ordinary  Volta's  pile.    If  two  pieces 
of  platinum  be  immersed  in  dilute  sul- 
phuric acid  and  connected  to  the  two  poles 
of  a  battery,  so  that  a  current  be  sent 
through  them,  the  liquid  will  be  decom- 
posed, hydrogen  being  driven  off  at  one 
plate  and  oxygen  at  the  other.     If,  then, 
the  battery  is  disconnected  and  the  plates 
circuited  through  a  galvanometer,  it  will 
be  seen   that  they  give  out  a  current  in 
the  opposite  direction   to  the   charging 
current. 

Becquerel  first  pointed  out  the  real 
cause  of  the  returned  current,  upsetting 
the  original  theory  that  the  plates  ab- 
sorbed the  current  during  the  charging, 
and  gave  it  up  again  during  the  discharge. 
He  showed  that  the  returned  current  was 
not  due  to  the  storage  of  electricity,  but 
to  the  presence  of  substances  having 
chemical  affinities  for  each  other,  derived 
from  the  decomposition  going  on  during 
the  charge. 

If  two  sheets  of  ordinary  lead  be  placed 
in  dilute  sulphuric  acid,  and  a  current  be 
sent  through  them,  a  dark  brown  deposit 
will  form  upon  the  plate  connected  to  the 
positive  pole  of  the  charging  battery,  due 
to  the  formation  of  peroxide  of  lead  on 
the  surface  of  that  plate,  whilst  the  other 
will  be  reduced  slightly  to  spongy  lead. 
Upon  disconnecting  these  plates  from  the 
charging  source,  and  circuiting  them 
through  a  galvanometer,  a  current  will 
flow  from  the  brown  or  per  oxidized  plate 
to  the  other  reduced  plate. 

The  result  is  the  reduction  of  the  per- 
oxide of  lead  on  the  one  plate  to  oxide,  and 
then  to  sulphate  of  lead  from  the  presence 
of  the  sulphuric  acid  in  the  solution ;  and 


of  the  spongy  lead  to  sulphate  of  lead. 
Upon  recharging,  the  anode  or  brown 
plate,  attached  to  the  positive  pole  of  the 
charging  source,  will  again  become  per- 
oxidized,  and  the  cathode  or  other  plate 
reduced  to  spongy  lead.  The  sulphate 
of  lead  will  thus  disappear  from  both 
plates.  The  plates  are  thus  continually 
oxidized  and  deoxidized  as  they  are 
charged  and  discharged. 

This  is  a  second  battery  in  its  simplest 
form,  and  all  accumulators  are  based  upon 
this  principle.  Lead  has  proved  by  far 
the  best  metal  for  the  purpose,  because  it 
forms  an  almost  insoluble  oxide;  a  few 
other  metals  are  nearly  insoluble,  but  lead 
has  the  advantage.  It  is  better  than  sil- 
ver or  manganese  for  the  reason  that  its 
oxide  is  less  soluble  than  either  of  them. 

The  initial  electromotive  force  of  a  fresh- 
ly prepared  cell  when  charged  is  2.25 
volts,  but  this  drops  after  the  first  few 
minutes  of  the  discharge  to  a  little  less 
than  2  volts,  which  may  be  taken  as  the 
normal  electromotive  force  of  a  cell  made 
up  of  peroxide  of  lead,  spongy  lead  and 
dilute  sulphuric  acid.  The  constancy  of 
the  electromotive  force  of  a  cell  varies 
considerably  with  the  rate  of  discharge. 
If  it  is  run  down,  or  discharged,  at  a  very 
rapid  rate  it  falls  off  very  quickly  ;  where- 
as, if  only  a  small  current  be  taken  out, 
the  electromotive  force  will  remain  con- 
stant for  a  long  time,  though  the  loss  on 
the  negative  plate  or  anode  from  local  ac- 
tion will  be  greater.  The  strength  of  the 
electrolyte  or  solution  varies  considerably 
during  the  charging  or  discharging  of  the 
cell.  When  the  cell  is  fully  charged  the 
solution  is  strongest,  and  when  discharged 
weakest.  From  this  it  follows  that  the 
internal  resistance  of  a  battery  is  lowest 
when  the  electromotive  force  is  at  its 
highest,  and  the  converse.  Dr.  Frank- 
land  has  endeavored  to  utilize  this  change 
in  the  specific  gravity  of  the  solution,  to 
indicate  the  condition  of  the  cell,  and  has 
found  that  a  change  of  0.005  in  the  specific 
gravity  was  equal  to  a  storage  of  20  am- 
pere hours.  This  method  of  determining 
the  state  of  the  cell  does  not  in  practice 
give  very  good  results,  on  account  of  the 
difficulty  of  getting  the  solution  in  the 
cell  to  circulate  freely,  so  as  to  be  of  the 
same  density  throughout. 

The  first  practicable  form  of  accumula- 
tor was  that  of  Plante,  made  in  1860.  He 
took  two  sheets  of  lead,  and  placing  them 
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in  dilute  sulphuric  acid,  passed  a  current 
through  them  for  some  time.  Then  dis- 
connecting the  cell  from  the  charging 
source,  he  discharged  it  and  again 
charged  it,  but  this  time  in  a  reverse 
direction  ;  so  that  the  lead  plate,  formerly 
connected  to  the  positive  pole  of  the 
charging  source,  was  this  time  connected 
to  the  negative  pole.  A  number  of  charges 
and  discharges  were  thus  alternately  ef- 
fected until  the  plates  were  rendered  suf- 
ficiently porous  to  give  a  satisfactory 
storage  capacity.  Plante  found  that  it 
was  necessary  to  continue  this  process 
for  some  months  before  a  battery  was  fit 
for  use.  Of  course  when  the  battery  was 
used  the  current  was  sent  through  it  al- 
ways in  the  same  direction.  The  reverse 
charges  were  only  employed  to  "form" 
the  plates,  or  render  them  sufficiently 
porous  to  hold  a  charge.  Unfortunately, 
this  form  of  cell,  simple  as  it  is,  does  not 
store  much  electrical  energy,  except  when 
very  thin  plates  are  employed,  and  these 
soon  become  brittle  and  liable  to  fall  to 
pieces  through  being  entirely  converted 
into  peroxide  of  lead  and  thereby  losing 
their  stability. 

According  to  Geraldy,  a  Plante  cell 
containing  1.445  kilogram  of  lead,  is  ca- 
pable storing  4,983  kilogrammeters  of 
energy,  or  11,329  foot-pounds  per  lb.  of 
lead.  De  Meritens  modified  the  Plante 
cell  by  making  the  plates  out  of  a  number 
of  thin  sheets  of  lead  laid  one  on  top  of 
the  other,  and  soldering  their  edges  to- 
gether, thus  obtaining  plates  composed 
of  a  number  of  layers  of  thin  sheet  lead. 

Kabath  again  modified  this  by  taking 
long  thin  strips  of  lead  which  he  corru- 
gated by  passing  them  through  grooved 
rollers,  and  then  interleaving  them  with 
plain  strips,  or  ribbons  of  lead,  folding 
them  backwards  and  forwards,  until  a  plate 
was  formed  of  the  required  size.  The 
drawback  to  this  form  is  that  the  lead 
used  is  of  necessity  very  thin,  and  thus 
soon  breaks  down  and  renders  the  cell 
useless.  In  both  these  cases  the  same 
tsdious  process  of  forming  as  in  the  Plante 
cell  has  to  be  gone  through. 

In  1880,  Faure  devised  the  plan  of 
pasting  red  lead,  or  minium,  upon  plates 
of  plain  lead ;  this  paste  was  rapidly  per- 
oxi  lized  and  reduced  in  one  charge,  thus 
overcoming  and  doing  away  with  the  long 
process  of  forming  the  Plante  plates.  The 
paste  had  to  be  held  on  the  plates  by 
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wrapping  them  in  flannel  or  some  such 
porous  material.  This  increased  the  in- 
ternal resistance  of  the  cell,  and  after  a 
time  the  flannel  began  to  get  rotten  and 
fall  off,  causing  the  cell  to  fail.  A  much 
higher  storage  capacit}r,  however,  was  ob- 
tained, it  being  18,000  foot-pounds  per  lb. 
of  lead  and  minium.  Many  improvements 
have  been  introduced  by  Messrs.  Sellon 
and  Volckinar,  culminating  in  the  form 
now  manufactured  by  the  Electrical  Pow- 
er and  Storage  Company,  which  consists 
of  grids  of  cast-lead  with  holes  from  J  to 
|  inch  square. 

The  grid  used  for  the  anode  is  made 
thicker  than  that  for  the  cathode.  These 
castings  are  filled  with  a  paste  of  minium 
and  dilute  sulphuric  acid.  After  being 
dried  they  are  placed  in  long  troughs, 
filled  with  dilute  sulphuric  acid,  and  a 
current  is  sent  through  them  to  form 
them.  The  amount  of  current  necessary 
to  convert  1  lb.  of  minium  to  peroxide  is 
70  ampere  hours,  and  140  ampere  hours 
to  reduce  it  to  metallic  lead.  But  as  it 
only  needs  110  ampere  hours  to  reduce  1 
lb.  of  litharge,  this  is  generally  employed 
for  the  cathode  plate.  After  the  current 
has  been  sent  through  the  plates,  they 
are  taken  out,  washed,  and  stacked  until 
required  for  use,  when  they  are  mounted 
in  their  respective  cells,  and  employed 
for  lighting  or  other  purposes.  No  felt 
is  put  between  these  plates ;  they  are  sep- 
arated from  each  other  by  india-rubber 
bands,  pieces  of  wood,  or  some  similar 
device. 

The  storage  capacity  of  this  cell  is  con- 
siderably higher  than  that  of  the  Faure 
type,  being  48,000  foot-pounds  per  lb.  of 
lead.  But  since  the  storage  capacity  of  a 
theoretically  perfect  secondary  battery  is 
360,000  foot-pounds  per  pound  of  lead, 
even  the  best  cell  falls  far  short  of  this. 
The  figures  in  Table  I.,  against  Sellon- 
Volckmar,  are  the  results  obtained  from 
cells  specially  constructed  for  driving 
electric  launches,  tramcars,  &c.  Those 
employed  ordinarily  for  lighting  purposes 
yield  about  36,000  foot-pounds  per  lb.  of 
lead. 

It  has  been  proposed  by  Mr.  Fitzgerald, 
to  substitute  carbon  for  the  lead  employed 
for  establishing  contact  with  the  active 
material  of  the  cathodes,  where  oxides 
of  lead  are  used,  and  also  to  protect  parts 
of  the  anodes  by  means  of  some  insulat- 
ing material,  so  as  to  arrest  the  process 
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Table  I. — Storage  Capacity  of  the  yaeious 

Seoondaey  Batteeies  as  eegards  Ratio 

of  Woek  to  Weight. 


Name. 

Storage   Ca- 
pacity in 
foot-lbs.  per 
lb.  of  Lead. 

Percent- 
age of 

Efficiency. 

Theoretically  perfect  cell. 
Sellon-Volckmar 

360,000 
48,000 
24,000 
18,000 
12,000 

100.00 
13.13 

Crompton-Fitzgerald 

Faure 

6.66 
4.99 

Plante 

3.33 

of  peroxidation  over  the  whole  of  the 
plates,  and  thus  always  to  preserve  a  good 
contact  throughout  the  anode.  A  large 
number  of  experiments  have  been  carried 
out  in  this  direction.  The  best  results 
obtained  were  from  a  battery  made  up  of 
cathodes  composed  of  minium  and  carbon 
fragments,  held  in  a  punctured  lead  en- 
velope, and  anodes  composed  of  spongy 
or  finely-divided  lead,  also  held  in  a  punc- 
tured lead  envelope,  and  protected  by  a 
network  of  insulating  material,  generally 
known  under  the  name  of  Prout's  glue. 
This  form  had  a  storage  capacity  of  24,- 
000  foot-pounds  per  lb.  of  lead.  Messrs. 
Beaumont  and  Biggs'  battery  is  made  up 
of  plates  of  compressed  spongy  lead.  The 
lead  is  obtained  in  this  state  by  precipita- 
tion from  a  solution  of  acetate,  or  sugar 
of  lead,  in  which  solution  is  placed  a 
plate  of  zinc.  Lead  in  a  state  of  very  fine 
subdivision  is  deposited  upon  the  zinc, 
from  which  it  is  scraped  off,  put  into 
moulds,  and  subjected  to  hydraulic  press- 
ure. By  this  means  plates  of  great  por- 
osity are  obtained,  which  should  have  as 
high  a  storage  capacity  as  any  known 
form  of  battery.  Of  the  numerous  bat- 
teries in  the  market,  nearly  all  are  modi- 
fications of  the  well-known  Plante  type, 
which  seems  to  be.  the  best  form  for  dur- 
ablity,  if  not  for  storage  capacity ;  and 
the  "life"  of  a  battery  is  of  far  more  im- 
portance than  its  storage  capacity  per  lb. 
weight.  The  most  notable  battery  of 
this  class,  and  one  coming  prominently 
into  notice,  is  manufactured  by  the  Wol- 
verhampton Electric  Light  Co.,  called  the 
Elwell-Parker  accumulator.  The  plates 
of  this  battery  are  made  of  sheet-lead 
only,  but  before  being  formed  they  are 
immersed  in  a  strong  solution  of  nitric 
acid,  which  attacks  the  surface  of  the  lead, 
and  honeycombs  it  to  a  certain  extent. 
Thus,  according  to  Plante,  who  first  pat- 


ented this  process  in  1881,  the  long  proc- 
ess of  forming  is  to  a  great  extent  done 
away  with.  There  seems,  however  to  be 
considerable  doubt  whether  this  is  the 
case,  or  if  the  nitric  acid  simply  dissolves 
the  lead.  In  all  probability  the  acid  at- 
tacks the  impurities  in  the  lead,  and  thus 
prepares  the  plate  in  the  best  possible 
manner  to  receive  the  current.  Another 
battery  is  the  B.  T.  K.,  so  called  from 
the  names  of  the  inventors,  Messrs.  Bee- 
man,  Taylor,  and  King.  This  is  a  modi- 
fication of  the  Kabath  accumulator,  con- 
sisting of  plates  made  of  alternate  corru- 
gated and  plain  strips  of  lead,  wound 
round  and  round  upon  themselves.  Bat- 
teries of  this  description  are  being  large- 
ly used  in  the  district  lighting  at  Col- 
chester. 

An  improvement  by  Dr.  Frankland  is 
claimed  upon  the  Sellon-Volkmar  type  of 
battery,  by  hardening  the  paste  of  min- 
ium, or  other  oxide  of  lead  used  in  the 
plates,  by  immersing  the  plates  in  so- 
lutions of  sulphuric  acid  of  various  dens- 
ities during  different  periods.  He  also 
claims  for  the  plates  the  capacity  of  re- 
ceiving a  higher  rate  of  charge.  This 
hardening  mixture  may  be  cast  into 
plates  or  cylinders  of  any  desired  form  or 
size.  There  are  also  many  other  bat- 
teries of  the  Plante  type  by  various  in- 
ventors. Mr.  Joel  has  patented  a  plate 
having  a  considerable  storage  capacity. 
He  makes  the  jDlates  of  lead-wool,  or  per- 
haps more  properly  speaking,  lead-fiber, 
mixed  with  minium,  and  then  pressed 
upon  a  cast-lead  plate,  which  acts  both, 
as  a  conductor  and  support. 

A  battery  differing  in  many  ways  from 
those  already  mentioned,  was  that  pro- 
posed by  Sutton.  He  took  two  plates, 
one  of  lead  and  the  other  of  copper,  and 
immersed  them  in  a  solution  of  sulphate 
of  copper.  The  lead  plate  became  per- 
oxidized,  and  the  copper  was  alternately 
dissolved  and  deposited  from  the  solu- 
tion of  sulphate  of  copper.  This  battery, 
though  giving  good  results  upon  a  small 
scale  failed  when  used  to  a  large  extent. 
The  electromotive  force  is  much  lower 
than  that  of  a  cell  composed  of  lead 
only. 

The  advantages  of  accumulators  made 
after  the  Plante  type  over  those  of  the 
Faure  type  are  that  they  afford  a  far 
higher  rate  of  discharge.  This  property 
is  invaluable  for  many  purposes,  as,  for 
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instance,  where  numerous  lamps  are  re- 
quired to  be  run  for  only  a  short  time. 
But  then,  again,  accumulators  of  the 
Faure  type  take  in  a  higher  rate  of 
charge  than  the  PI  ante,  because  they 
have  a  greater  thickness  of  working  ma- 
terial, and  also  store  a  large  amount  of 
electrical  energy  in  a  given  weight. 

The  durability,  or  life,  of  a  secondary 
battery,  has  never  been  satisfactorily  set- 
tled. Manufacturers  assert  that  their 
accumulators  will  last  for  a  number  of 
years,  but  this  has  not  yet  been  proved. 
Those  of  the  Sellon-Volkmar  type  can- 
not, the  author  believes,  be  depended 
upon  to  last  more  than  five  or  six  months 
at  the  outside,  when  they  are  worked 
regularly  every  day  up  to  their  full  ca- 
pacity. But  when  overcharged  continu- 
ously, or  otherwise  improperly  used,  a 
few  days  will  often  suffice  to  put  them 
out  of  order. 

The  Plante  accumulator  should  last 
longer  than  this,  but  it  must  be  borne  in 
mind  that  when  this  battery  has  arrived 
at  its  maximum  of  efficiency,  it  is  on  the 
point  of  falling  to  pieces.  Where  water 
or  steam  power  is  available,  a  rough  but 
serviceable  battery  may  be  made  by  tak- 
ing sheets  of  thick  lead,  cutting  them 
into  plates  of  any  required  size,  and 
mounting  them  in  tanks  filled  with  di- 
lute sulphuric  acid.  Of  course,  during 
the  first  few  charges  the  storage  capacity 
will  be  very  small,  but  this  will  improve 
every  day  ;  at  the  same  time  the  cost  of 
forming  them  is  next  to  nothing.  Event- 
ually it  will  prove  to  be  a  most  efficient 
battery. 

The  first  and  most  important  point  in 
setting  up  a  secondary  battery  is  to  care- 
fully insulate  the  cells  from  each  other, 
and  from  any  moisture.  This  is  best  ef- 
fected by  arranging  them  on  wooden 
shelves  raised  about  8  inches  off  the  floor, 
and  at  an  equal  distance  from  the  walls. 
The  boxes  should  be  left  with  a  space  of 
at  least  an  inch  between  them,  and, 
wherever  possible,  placed  in  single  rows, 
and  not  upon  shelves  one  on  top  of  the 
other,  so  that  free  access  may  be  had  to 
each  box.  In  large  installations  the  cells 
are  often  of  considerable  size,  weighing 
from  5  to  6  cwt.  each,  thus  rendering  it 
extremely  difficult  to  move  them.  For 
these  reasons,  they  should  be  so  arranged 
that,  once  put  up,  they  can  be  easily  got 
at    for  repair    without   being  removed. 


The  importance  of  keeping  the  cells  per- 
fectly free  from  moisture  can  hardly  be 
overrated.  If  they  should  be  placed 
upon  a  damp  floor,  or  in  any  position 
where  moisture  can  get  to  them,  there 
will  be  a  considerable  leakage  of  electric- 
ity, the  cells  will  rapidly  run  down  (i.  e., 
become  discharged),  and  will  be  in  all 
probability  condemned  as  unworkable 
and  useless. 

All  secondary  batteries,  when  first  set 
up,  should  be  tested  for  insulation.  This 
may  easily  be  done  by  connecting  one 
pole  of  the  battery  (after  it  has  been 
charged)  to  one  terminal  of  an  ordinary 
galvanometer,  and  the  other  terminal  of 
the  galvanometer  to  earth.  The  best 
way  to  obtain  a  good  earth  is  to  connect 
the  wire  to  a  water  or  gas  pipe  ;  or,  if 
neither  of  these  should  be  available,  to 
drive  a  piece  of  iron  into  the  ground  and 
make  a  connection  in  that  way.  If  the 
needle  is  deflected  it  indicates  leakage, 
which  should  at  once  be  remedied.  The 
leakage  will  in  all  probability  be  found  to 
arise  from  an  escape  of  the  solution  from 
one  of  the  cells,  the  place  where  they  are 
standing  being  damp,  or  one  of  the  leads 
"  making  earth."  The  poles  of  the  cells 
should  be  connected  together  by  stout 
bars  of  metal.  It  is  inadvisable  to  use 
copper  on  the  positive  pole  of  a  cell,  on 
account  of  the  rapidity  with  which  it 
corrodes.  Plain  lead  connections,  or  a 
mixture  of  lead  and  antimony,  are  the 
most  trustworthy.  The  positive  pole  of 
one  cell  is  joined  to  the  negative  of  the 
next,  and  so  on  all  through  the  series. 
Then  the  positive  pole  of  the  dynamo  is 
connected  to  the  last  positive  of  the  bat- 
tery, and  the  negative  to  the  negative. 
The  contacts  must  be  properly  made  be- 
tween each  cell,  as  a  bad  contact  will 
produce  a  great  deal  of  heat  in  the  cells, 
thereby  introducing  resistance  into  the 
circuit,  and  reducing  materially  the  rate 
of  charge  or  discharge.  Care  should  be 
taken  not  to  charge  the  battery  at  too 
rapid  a  rate,  and  if  at  any  time  during 
the  charging  the  cells  become  warm,  the 
charging  should  be  stopped,  and  the  bat- 
tery allowed  to  cool  down.  The  heat- 
ing of  the  plates  causes  them  to  buckle, 
often  resulting  in  the  short  circuiting  of 
the  cell,  and  thus  putting  it  out  of  use 
until  the  defect  has  been  remedied. 

During  the  charging,  and  also  whilst 
they  are  at   rest,  it  is  advisable  to  test 
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the  cells  from  time  to  time.  This  may 
be  readily  done  by  taking  a  short  length 
of  stout  wire,  holding  one  end  upon  one 
pole  of  the  cell  to  be  tested,  and  strik- 
ing the  opposite  pole  with  the  other  end 
of  the  wire.  If  the  cell  is  in  good  con- 
dition it  should  give  a  bright,  crisp  spark. 
If  it  gives  no  spark  at  all  it  shows  that 
there  is  a  short  circuit  in  the  cell,  aris- 
ing, in  all  likelihood,  from  two  of  the 
plates  touching  each  other,  or  from  a 
small  piece  of  some  conducting  sub- 
stance having  fallen  down  between  the 
plates.  This  should  be  at  once  remedied, 
■otherwise  the  cell  should  be  cut  out  from 
the  circuit  and  taken  to  pieces.  It  is  very 
important,  when  working  batteries,  to 
keep  all  the  cells  in  as  even  a  condition  as 
possible.  For,  if  a  cell  be  empty,  or  is 
discharged  before  the  others,  it  will  then 
become  recharged  in  the  reverse  direc- 
tion, and  thus  set  up  an  opposing  elec- 
tro-motive force  to  the  rest  of  the  bat- 
tery, besides  there  is  the  risk  of  spoiling 
that  particular  cell.  Keeping  all  the 
cells  in  the  same  condition  is  best  effect- 
ed by  observing  them  when  charging, 
and  cutting  out  of  the  circuit  all  those 
cells  that  give  off  gas  freely,  and  contin- 
uing to  charge  the  others  until  they  are 
all  fully  charged.  If  this  is  done  about 
once  in  two  months,  the  working  efficiency 
of  the  battery  will  be  maintained  at  a 
very  high  point.  Of  course,  this  entails 
extra  labor,  but  the  author  contends  that 
secondary  batteries  do,  and  always  will, 
require  skilled  supervision.  Care  mus't 
be  taken  not  to  cut  out  too  many  cells 
whilst  charging  the  battery  without  in- 
troducing a  corresponding  resistance,  or 
the  dynamo  will  be  burnt. 

The  ordinary  strength  of  the  electro- 
lyte is  1  part  of  sulphuric  acid  to  9  parts 
of  water,  or  of  a  specific  gravity  of  1.2, 
that  of  sulphuric  acid  being  1.84.  The 
water  should  be  as  pure  as  possible. 
"When  working  a  battery  it  is  necessary 
to  keep  all  the  plates  immersed  in  the 
electrolyte.  If  it  becomes  necessary  to  add 
to  the  electrolyte,, to  keep  the  cell  full, 
water  only  should  be  used,  otherwise  the 
solution  will  become  too  strong.  When 
batteries  are  left  out  of  use  for  any  length 
of  time,  it  is  advisable  either  to  remove 
the  solution  and  wash  the  plates  and 
boxes  with  water,  or  else  to  leave  them 
fully  charged.  This  latter  method  is 
perhaps  best  adopted  only  when  the  bat- 


tery is  not  to  be  out  of  use  for  very  long. 
It  is  found  that,  when  batteries  are  left 
idle  and  full  of  the  solution,  sulphate  of 
lead  will  form  all  over  the  plates,  and 
have  a  serious  effect  upon  their  future 
working. 

By  discharging  a  cell  too  rapidly,  as 
much  harm  can  be  done  to  it  as  by  charg- 
ing it  too  rapidly. 

The  best  dynamos  for  charging  accu- 
mulators are  shunt  dynamos.  Both  the 
series  and  compound  machines  are  liable 
to  have  their  poles  reversed  by  the  bat- 
teries discharging  through  them,  which 
is  likely  to  arise  from  the  speed  of  the 
dynamo  decreasing,  and  thereby  having 
its  electromotive  force  overpowed  by  that 
of  the  battery.  This  difficulty  might  be 
overcome  by  specially-designed  automatic 
switches.  The  most  economical  way  is 
to  charge  each  battery  in  two  series  in 
parallel,  though,  of  course,  while  charg- 
ing them  in  this  manner,  no  lights  can 
be  run  at  the  same  time.  The  circuit 
should  be  so  arranged  that  the  dynamo 
is  charging  the  battery  in  two  series  in 
parallel,  or  in  one  series  with  the  lamps 
in  parallel,  or  dynamo,  lamps  and  battery 
all  in  parallel.  In  order  to  charge  an 
accumulator,  it  is  necessary  to  employ  a 
dynamo  giving  an  electromotive  force 
greater  than  that  of  the  cells,  and  greater 
in  proportion  to  the  rate  of  charge  re- 
quired ;  but  as  all  excess  of  electromo- 
tive force  is  lost  energy,  a  slow  charge  is 
the  most  economical  where  time  is  of 
little  moment. 

The  uses  to  which  accumulators  may 
be  put  are  almost  endless.  They  are 
serviceable  for  every  application  of  the 
electric  current.  Lighting  being  at  pres- 
ent the  most  in  need  of  them,  by  employ- 
ing an  accumulator  in  any  installation, 
the  failure  of  the  light  should  be  ren- 
dered almost  impossible.  The  chief 
causes  of  break-downs  are  the  slipping  or 
breaking  of  belts,  the  heating  of  the 
bearings,  or  some  trivial  mishap  with  the 
engine  which  may  be  set  right  in  a  few 
minutes,  but  which  is  sufficient  to  plunge 
the  place  so  lighted  into  darkness.  Now, 
by  employing  accumulators,  if  the  engine 
has  to  be  stopped,  the  batteries  immedi- 
ately come  into  action,  and  should  run 
the  lights  long  enough  for  the  necessary 
repairs  to  be  effected.  In  nine  cases  out  of 
ten  the  failure  of  the  electric  light  can  be 
traced  to  some  minor  breakage  or  mishap 
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that  can  be  remedied  in  half  an  hour,  or 
even  less ;  but,  of  however  short  dura- 
tion, a  total  extinction  of  the  lights  must 
follow  when  working  direct  from  the  dy- 
namo. Again,  in  almost  all  factories  and 
workshops  where  steam  power  is  used, 
there  is  a  surplus  of  from  2  to  4  HP. 
This  surplus,  if  employed  to  drive  a 
small  dynamo  and  to  charge  batteries  all 
day,  would  be  sufficient  to  run  enough 
incau descent  lamps  to  light  up  the  whole 
of  the  shops  in  the  evening.  Accumula- 
tors may  also  be  used  advantageously  in 
steadying  the  light  when  the  dynamo  is 
worked  b}r  a  gas-engine,  or  any  irregular 
source  of  power.  The  only  method  of 
satisfactorily  solving  the  problem  of  the 
utilization  of  water  power  is  by  employ- 
ing storage  batteries,  so  that  the  water,  in- 
stead of  running  to  waste  day  and  night, 
could  be  made  to  store  electricity,  which, 
in  its  turn,  could  either  be  used  for  mo- 
tive power  or  for  ordinary  lighting  pur- 
poses, and  be  drawn  off  at  will.  This 
applies  also  to  the  possibility  of  utilizing 
wind  power. 

The  employment  of  secondary  bat- 
teries for  driving  trains,  tramcars,  boats, 
&c,  has  been  a  good  deal  discussed,  but 
up  to  the  present  time,  although  many 
costly  experiments  have  been  under- 
taken, no  practical  work  has  been 
done. 

The  first  experimental  launch  worked 
by  accumulators  was  that  fitted  up  by 
the  Electrical  Power  Storage  Co.,  and 
launched  at  Millwall  in  September,  1882. 
She  was  25  feet  long,  5  feet  beam,  with 
accommodation  for  about  ten  passengers. 
She  was  driven  by  two  Siemens  dynamos 
of  the  S  D3  type,  coupled  in  parallel. 
The  current  was  supplied  by  forty-five  1 
HP.  Faure  Sellon-Volkmar  cells.  The 
two  motors  running  together  absorbed  a 
current  of  46  amperes,  and  developed 
abont  3.75  HP.  The  weight  of  each  mo- 
tor was  316  lbs.,  that  of  the  countershaft, 
&c,  was  180  lbs.,  and  the  total  weight 
of  the  accumulators  was  2,520  lbs.,  or  56 
lbs.  per  cell. 

The  second  launch  was  built  by  Messrs. 
Yarrow  &  Co.,  of  Poplar,  and  was  fitted 
with  all  the  electrical  arrangements  by 
the  Electrical  Power  Storage  Co.,  for  the 
Vienna  Exhibition  of  1883.  She  is  40 
feet  long,  5  feet  beam,  and  will  carry 
about  forty  passengers.     In  this  boat  the 


motor  and  batteries  are  placed  under  the 
floor.  The  motor  used  is  a  Siemens  D2 
dynamo,  which,  with  eighty  Eaure-Sel- 
lon-Volkmar  accumulators  (the  number 
carried),  will  develop  7  HP.  Its  weight 
is  658  lbs.,  and  the  efficiency,  when  test- 
ed, was  78  per  cent.  In  this  boat  no 
gearing  is  used  between  the  motor  and 
screw-shaft,  the  former  being  coupled  di- 
rectly to  the  latter.  The  average  speed 
attained  was  8  miles  per  hour.  The  ad- 
vantages are,  that  whereas  two  men  are 
necessary  to  work  a  steam  launch,  the 
electric  launch  needs  but  one  man  to  look 
after  it,  as  he  can  steer,  stop,  or  regu- 
late the  speed  at  the  same  time.  An 
electric  launch  will  also  carry  more  pas- 
sengers, besides  being  free  from  smoke, 
smell,  heat  and  noise. 

The  experiments  carried  out  with  tram- 
cars  have  not  yet  advanced  nearly  so  far. 
A  trial  trip  was  made  on  the   Gunners- 
bury   and    Kew    Tramway  line    on    the 
10th  of  March,  1883.     The  experimental 
car,  as  in  the  case  of  the  launch,  was  fit- 
ted up  with  the  Electrical  Power  Storage 
Co.,  and  was    of  the  ordinary  type  used 
upon   the    London   tramways.      It  was 
driven  by  a  Siemens    dynamo,  designed 
to  work  with  an    electromotive  force  of 
100  volts,  and  a  current   of  60  amperes 
furnished  by  50  accumulators  placed  un- 
der the  seats  of  the  car.    The  cells  meas- 
ured 13  inches  by  11  inches  by  7  inches, 
and  weighed  80  lbs.,  their  total  weight 
being  4,000  lbs.     The  storage  capacity  of 
each  cell  was  560  ampere-hours.     Apart 
from  this  experiment,  which     id  not  al- 
j  together  end  successfully,  the  problem  of 
propelling  tramcars  has  not  been  solved. 
I  The  same  company  exhibited  a   tricycle 
J  at    the   Vienna    Exhibition,    worked    by 
j  twenty-one    small    accumulators   and    a 
I  motor  designed  by   Mr.  Keckenzaun,  of 
|  London.     This  would  run  for  about  one 
I  hour,  and    cover   about   8  miles  in  that 
I  time.  •    The  main  reason  why  electricity 
!  has  not  yet   been    employed   for  motive 
I  power  for  boats  and  tramcars  is,  the  au- 
thor thinks,  undoubtedly  to  be  traced  to 
the  still  imperfect  and  unsatisfactory  state 
of  secondary  batteries.      When  once  they 
have  been  so  far  improved  as  to  be  looked 
upon  as  trustworthy,  a  great  and  lasting 
impetus  will    certainly   be  given  to  the 
utilization  of  electricity  for  motive  power 
as  well  as  for  lighting  purposes. 
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THE  WATER  SUPPLY  OF  ANCIENT  ROMAN  CITIES.* 

By  Prof.  W.  H.  CORFIELD,  M.D.,  MA. 
From  "The  Building  News." 


As  the  supply  of  water  to  large  popu- 
lation is  one  of  the  most  important  sub- 
jects in  connection  with  sanitary  matters, 
and  one  upon  which  the  health  of  the 
populations  to  a  very  large  extent  depends, 
I  propose  to  give  a  short  account  of  some 
of  the  more  important  works  carried  out 
for  this  purpose  by  the  ancient  Romans 
— the  great  sanitary  engineers  of  antiquity 
— more  especially  as  I  have  had  excep- 
tional opportunities  of  examining  many 
of  those  great  works  in  Italy,  in  France, 
and  along  the  north  coast  of  Africa.  Of 
the  aqueducts  constructed  for  the  supply 
or  Rome  itself,  we  have  an  excellent  de- 
tailed account  in  the  work  of  Frontinus, 
who  was  the  controller  of  the  aqueducts 
under  the  Emperor  Nerva,  and  who  wrote 
his  admirable  work  on  them  about  a.  d. 
97.  It  may  be  interesting  in  passing  to 
mention  that  Frontinus  was  a  patrician, 
who  had  commanded  with  distinction  in 
Britain  under  the  Emperor  Vespasian, 
before  he  was  appointed  by  the  Emperor 
Nerva  as  controller  (or,  we  should  say, 
surveyor)  of  the  aqueducts.  He  was  also 
an  antiquarian,  and  in  his  work  he  not 
only  describes  the  aqueducts  as  they 
were  in  his  time,  but  also  gives  a  very 
interesting  history  of  them.  He  begins 
by  telling  us  that  for  441  years  before 
the  building  of  the  city — that  is  to  say, 
b.  c.  312 — there  was  no  systematic  supply 
of  water  to  the  city  ;  that  the  water  was 
got  direct  from  the  Tiber,  from  shallow 
wells,  and  from  natural  springs  ;  but  that 
these  sources  were  found  no  longer  to  be 
sufficient,  and  the  construction  of  the 
first  aqueduct  was  undertaken  during  the 
consulship  of  Appius  Claudius  Crassus, 
from  whom  it  took  the  name  of  the  Ap- 
pian  aqueduct.  This  was,  as  may  be  ex- 
pected from  its  being  the  first  aqueduct, 
not  a  very  long  one ;  the  source  was 
about  eight  miles  to  the  east  of  Kome, 
and  the  length  of  the  aqueduct  itself 
rather  more  than  eleven  miles,  according 
to  Mr.  James  Parker,  to  whose  paper  on 
the  "  Water  Supply  of  Ancient  Rome  ''  1 


*  An  address  delivered  before  the  Sanitary  Institute 
of  Great  Britain. 


am  indebted  for  many  of  the  facts  con- 
cerning the  aqueducts  of  Rome  itself. 
This  aqueduct  was  carried  underground 
throughout  its  whole  length,  winding 
round  the  heads  of  the  valleys  in  its 
course,  and  not  crossing  them  supported 
on  arches,  after  the  manner  of  more  re- 
cent constructions  ;  it  was  thus  invisible 
until  it  got  inside  the  city  itself,  a  very 
important  matter  when  we  consider  how 
liable  Rome  was,  in  those  early  times  to 
hostile  attacks.  It  was  soon  found  that 
more  water  was  required  than  was 
brought  by  this  aqueduct,  and  it  was  no 
doubt  considered  desirable  to  have  tanks 
at  a  higher  level  in  the  city  than  those 
supplied  by  the  Appian  aqueduct.  It 
was  determined,  therefore,  to  bring  water 
from  a  greater  height,  and  from  a  greater 
distance,  and  the  river  Anio,  above  the 
falls  at  Tivoli,  was  selected  for  this  pur- 
pose. The  second  aqueduct,  the  Anio 
Vetus,  was  no  less  than  42  miles  in 
length,  and  was,  like  the  Appian,  entirely 
under  the  surface  of  the  ground,  except 
at  its  entrance  into  Rome,  at  a  point 
about  60  ft.  higher  than  the  level  of  the 
Appian  aqueduct.  Little  search  has  been 
made  for  the  remains  of  this  aqueduct, 
and  its  exact  course  is  not  known ;  but 
during  my  examination  of  the  remains  of 
the  subsequent  aqueducts  at  a  place 
the  Porta  Furba,  near  Rome,  where  the 
ruins  of  five  aqueducts  are  seen  together, 
and  at,  or  close  to,  which  point  the  Anio 
Vetus  must  also  have  passed  under- 
ground, I  was  rewarded  for  my  search  by 
discovering  a  hole,  something  like  a  fox's 
hole,  leading  into  the  ground,  and  on 
clearing  away  a  few  loose  stones  which 
had  apparently  been  thrown  into  it,  and 
putting  my  arm  in  I  found  that  it  led  to 
the  specus  or  channel  of  an  underground 
aqueduct,  and  on  relating  this  incident 
to  the  late  Mr.  John  Henry  Parker,  the 
antiquarian,  who  was  then  in  Rome,  and 
showing  him  a  sketch  of  the  place,  he 
said  that  he  had  no  doubt  that  I  had 
been  fortunate  enough  to  discover  the 
exact  position  of  the  veritable  Anio  Ve- 
tus at  that  spot.     These  two  aqueducts 
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sufficed  for  the  supply  of  Koine  with 
water  for  about  120  years,  for  Frontinus 
tells  us  that  127  years  after  the  date 
at  which  the  construction  of  the  Anio 
Vetus  was  undertaken — that  is  to  say, 
the  608th  year  after  the  foundation  of 
the  city — the  increase  of  the  city  neces- 
sitated a  more  ample  supply  of  water, 
and  it  was  determined  to  bring  it  from  a 
still  greater  distance.  It  was  no  longer 
considered  necessary  to  conceal  the  aque- 
duct underground  during  the  whole  of 
its  course,  and  so  it  was  in  part  carried 
above  ground  on  embankments,  or  sup- 
ported upon  arches  of  masonry.  The 
water  was  brought  from  some  pools  in 
one  of  the  valleys  on  the  eastern  side  of 
the  Anio,  some  miles  further  up  than 
the  point  from  which  the  Anio  Vetus 
was  supplied,  and  the  new  aqueduct, 
which  was  54  miles  in  length,  was  called 
the  Marcian,  after  the  Prater  Marcius, 
to  whom  the  work  was  intrusted.  Fron- 
tinus also  tells  us  the  history  of  the 
other  six  aqueducts  which  were  in  exist- 
ence in  his  time,  viz. :  the  Tepulan,  the 
Julian,  the  Virgo,  the  Alsietine  or  Au- 
gustan, the  Claudian,  and  the  Anio  No- 
vus,  the  last  two  being  commenced  by 
the  Emperor  Caligula,  and  finished  by 
Claudius,  because  "seven  aqueducts 
seemed  scarcely  sufficient  for  public  pur- 
poses and  private  amusements";  but  it 
is  not  necessary  for  our  purpose  to  give 
any  detailed  account  of  the  course  of 
these  aqueducts,  it  is  only  necessary  to 
mention  one  or  two  very  interesting 
points  in  connection  with  them.  In  or- 
der to  allow  of  the  deposit  of  suspended 
matters,  piscinae,  or  settling  reservoirs, 
were  constructed  in  a  very  ingenious 
manner.  Each  had  four  compartments, 
two  upper  and  two  lower;  the  water  was 
conducted  into  one  of  the  upper  com- 
partments, and  from  this  passed,  prob- 
ably, by  what  we  should  call  a  standing- 
waste  or  overflow  pipe,  into  the  one  be- 
low ;  from  this  it  passed  (probably 
through  a  grating)  into  the  third  com- 
partment at  the  same  level,  and  thence 
rose  through  a  hole  in  the  roof  of  this 
compartment  into  the  fourth,  which  was 
above  it,  and  in  which  the  water,  of 
course,  attained  the  same  level  as  in  the 
first  compartment,  thence  passing  on  along 
the  aqueduct,  having  deposited  a  good 
deal  of  its  suspended  matter  in  the  two 
lower  compartments  of  the  piscinae.     Ar- 


rangements were  made  by  which  these 
two  lower  compartments  should  be 
cleaned  out  from  time  to  time.  The  spe- 
cus,  or  channel,  itself  was,  of  course,  con- 
structed of  masonry,  generally  of  blocks 
of  stone  cemented  together,  and  it  was 
frequently,  though  not,  it  would  appear, 
always,  lined  with  cement  inside.  It  was 
roofed  over,  and  ventilating  shafts  were 
constructed  at  intervals;  in  order  to  en- 
courage the  aeration  of  the  water,  irreg- 
ularities were  occasionally  introduced  in 
the  bed  of  the  channel.  The  water  sup- 
plied by  the  different  aqueducts  was  of 
various  qualities  ;  thus,  for  instance,  that 
of  the  Alsietine,  which  was  taken  from  a 
lake  about  18  miles  from  Rome,  was  of 
an  inferior  quality,  and  was  chiefly  used 
to  supply  a  large  naumachia,  or  reservoir, 
in  which  imitation  sea  fights  were  per- 
formed; while,  on  the  other  hand,  the 
water  of  the  Marcian  was  very  clear 
and  good,  and  was  therefore  used  for  do- 
mestic purposes.  Frontinus  gives  the 
most  accurate  details  as  to  the  measure- 
ments of  the  amount  of  water  supplied 
by  the  various  aqueducts,  and  the  quan- 
tities used  for  different  purposes.  From 
these  details  Mr.  Parker  computes  the 
sectional  area  of  the  water  at  about  120 
square  feet,  and  says:  "We  can  form 
some  opinion  of  the  vast  quantity  if  we 
picture  to  ourselves  a  stream  20  ft.  wide, 
by  6  ft.  deep,  constantly  pouring  into 
Rome  at  a  fall  6  times  as  rapid  as  that  of 
the  River  Thames."  He  considers  that  the 
amount  was  equivalen  t  to  about  332  million 
gallons  a  day,  or  332  gallons  per  head  per 
day,  assuming  the  population  of  the  city 
to  be  a  million.  When  we  consider  that 
we  in  London  have  only  30  gallons  a 
head  daily,  and  that  many  other  towns 
have  less,  we  get  some  idea  of  the  pro- 
fusion with  which  water  was  supplied  to 
ancient  Rome.  But  the  remains  of  Ro- 
man aqueducts  are  not  only  to  be  found 
near  Rome.  Almost  every  Roman  city, 
whether  in  Italy  or  in  the  south  of 
France,  or  along  the  north  coast  of  Africa, 
can  show  the  remains  of  its  aqueduct, 
and  almost  the  only  things  that  are  to  be 
seen  on  the  site  of  Carthage  are  the  re- 
mains of  the  Roman  water  tanks  and  the 
ruins  of  the  aqueducts  which  supplied 
them.  The  most  beautiful  aqueduct 
bridge  in  the  world,  on  the  course  of  the 
aqueduct  which  supplied  the  ancient  Ne- 
maucus,  now  Nismes,  still  stands,  and  is 
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called,  from  the  name  of  the  department 
in  which  it  is,  the  Pont  du  Gard.  It  con- 
sists of  a  row  of  large  arches  crossing 
the  valley  over  which  the  water  had  to 
be  carried,  surmounted  by  a  series  of 
smaller  arches,  and  these  again  by  a  se- 
ries of  still  smaller  ones,  carrying  the 
specus  of  the  aqueduct.  This  splendid 
bridge  still  stands  perfect,  so  that  one 
can  walk  through  the  channel  along 
which  the  water  flowed,  and  it  might  be 
again  used  for  its  original  purpose. 
There  was,  however,  one  city  which,  from 
the  fact  that  a  great  part  of  it  was  situ- 
ated upon  a  hill,  was  more  difficult  to 
supply  with  water  than  any  of  the  rest, 
and  which,  at  the  same  time,  from  its 
size,  its  great  importance,  and  the  fact 
that  it  was  the  favorite  summer  residence 
of  several  of  the  Roman  emperors,  and 
notably  of  Claudius,  who  was  born  there, 
and  who  had  a  palace  on  the  top  of  the 
hill,  must,  of  necessity  be  supplied  with 
plenty  of  water,  and  that,  too,  from  a 
considerable  height.  I  refer  to  Lugdu- 
num  (now  Lyons),  then  the  capital  of 
Southern  Gaul.  This  city  was  built  by 
Lucius  Munatius  Plaucus,  by  order  of 
the  Senate,  in  a.  u.  c.  711.  Augustus 
went  there  in  a.  u.  c.  738,  and  afterwards 
lived  there  from  741  to  744.  It  was  he 
who  raised  it  to  a  very  high  rank  among 
Roman  cities.  It  had  its  Forum  near  the 
top  of  the  hill  now  called  Fourvieres 
(probably  a  corruption  of  Forum  Vetus), 
an  Imperial  palace  on  the  summit  of  the 
same  hill,  public  baths,  an  amphitheatre, 
a  circus,  and  temples.  In  order  to  sup- 
ply this  city  with  water,  standing  as  it 
did  on  the  side  of  a  hill  at  the  junction 
of  two  great  rivers  (now  Rhone  and 
Saone),  it  was  necessary  to  search  for  a 
source  at  a  sufficient  height,  and  this 
Plaucus  found  in  the  hills  of  Mont  d'Or, 
near  Lyons,  where  a  plentiful  supply  of 
water  was  found  at  a  sufficient  height, 
viz.,  that  of  nearly  2,000  ft.  above  the 
sea.  From  this  point  an  aqueduct,  some- 
times called,  from  its  source,  the  aque- 
duct of  Mont  d'Or,  and  sometimes  the 
aqueduct  of  Ecully,  from  the  name  of  a 
large  plain  which  it  crossed,  was  con- 
structed, or,  rather,  two  subterranean 
aqueducts  were  made  and  joined  together 
into  one,  which  crossed  the  plain  of 
Ecully  in  a  straight  line,  still  under- 
ground; but  the  ground  around  Lyons 
was  not  like  the  Campagna,  near  Rome, 


and  it  was  necessary  to  cross  the  broad 
and  deep  valley  now  called  La  Grange 
Blanche.  This,  however,  did  not  daunt 
the  Roman  engineers  ;  making  the  aque- 
duct end  in  a  reservoir  in  one  side  of  the 
valley,  they  carried  the  water  down  into 
the  valley,  probably  by  means  of  lead 
pipes,  in  the  manner  which  will  be  de- 
scribed more  at  Jength  further  on,  across 
the  stream  at  the  bottom  of  the  valley  by 
means  of  an  aqueduct  bridge  650  ft.  long 
75  ft.  high,  and  28^-  feet  broad,  and  up 
the  other  side  into  another  reservoir, 
from  which  the  aqueduct  was  continued, 
along  the  top  of  a  long  series,  of  arches 
to  the  reservoir  in  the  city,  after  a  course 
of  about  ten  miles.  In  the  time  of  Au- 
gustus, however,  it  was  found  that  the 
water  brought  by  this  aqueduct  was  not 
sufficient,  especially  in  summer,  and  as 
there  was  a  large  Roman  camp  which 
also  requred  to  be  supplied  with  water, 
situated  at  a  short  distance  from  the  city, 
it  was  determined  to  construct  a  second 
aqueduct.  For  this  purpose  the  springs 
at  the  head  of  a  small  river,  called  now 
the  Brevenne,  were  tapped,  and  conveyed 
by  means  of  an  underground  aqueduct 
;  (known  as  the  aqueduct  of  Brevenne) 
I  which  wound  around  the  heads  of  the 
j  valleys,  and,  after  a  course  of  about  30 
!  miles,  is  believed  by  some  to  have  arrived 
at  the  city,  but  by  others  to  have  stopped 
at  the  Roman  camp,  and  to  have  been 
constructed  exclusively  for  its  supply. 
I  have  here  a  diagram,  after  Flacheron, 
showing  a  section  of  this  aqueduct,  and 
this  will  give  a  very  good  general  idea  of 
!  the  section  of  a  Roman  aqueduct  where 
j  constructed  underground.  It  will  be 
|  seen  that  the  specus,  or  channel,  is  60 
centimeters  (or  nearly  2  ft.)  wide,  and  1 
m.  57  c.  (or  a  little  over  5  ft.)  high,  and 
that  it  is  lined  with  a  layer  of  3  c.  (or 
nearly  1^  in.)  of  cement.  It  is  con- 
structed of  quadrangular  blocks  of  stone 
cemented  together,  and  has  an  arched 
stone  roof.  It  will  be  noticed  also  that 
the  angles  at  the  lower  part  of  the 
channel  are  filled  up  with  cement ;  it  ap- 
pears, also,  that  this  aqueduct  crossed  a 
small  valley  by  means  of  inverted  siphons. 
But  neither  of  these  aqueducts  came 
from  a  source  sufficiently  high  to  supply 
i  the  Imperial  palace  on  the  top  of  Four- 
vieres. Their  sources  are,  in  fact,  ac- 
cording to  Flacheron,  at  a  height  of  near- 
ly 50  ft.  below  the  summit  of  Fourvieres, 
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and  it  was.  therefore,  considered  neces- 
sary by  the  Emperor  Claudius  to  con- 
struct a  third  aqueduct.  The  sources  of 
the  stream  now  called  the  Gier,  at  the 
foot  of  Mont  Pila,  about  a  mile  and  a-half 
above  St.  diamond,  were  chosen  for  this 
purpose,  and  from  this  point  to  the  sum- 
mit of  Fourvieres  was  constructed  by  far 
the  most  remarkable  aqueduct  of  ancient 
times,  an  engineering  work  which,  as 
will  be  seen  from  the  following  descrip- 
tion— partly  taken  from  Montfalcon's  his- 
tory of  Lyons,  partly  from  Flacheron's 
account  of  this  aqueduct,  and  partly 
from  my  own  observations  on  the  spot — 
reflects  the  greatest  possible  credit  on 
the  Roman  engineers,  and  shows  that 
they  were  not,  as  has  been  frequently 
supposed  by  those  who  have  only  exam- 
ined aqueducts  at  Rome,  by  any  means 
ignorant  of  the  elementary  principles  of 
hydraulics.  To  tap  the  sources  of  a  river 
at  a  point  over  50  miles  from  the  city. 
and  to  bring  the  water  across  a  most  ir- 
regular country,  crossing  ten  or  twelve 
valleys,  one  being  over  300  ft.  deep  and 
about  two-thirds  of  a  mile  in  width,  was 
no  easy  task  ;  but  that  it  was  performed, 
the  remains  of  the  aqueduct  at  various 
parts  of  its  course  show  clearly  enough. 
It  commences,  as  I  have  said,  about  a 
mile  and  a-half  from  the  present  St.  dia- 
mond, a  town  on  the  river  Gier,  about  16 
miles  from  St.  Etienne.  Here  a  dam  ap- 
pears to  have  been  constructed  across 
the  bed  of  the  river,  forming  a  lake,  from 
which  the  water  entered  the  channel  of 
the  aqueduct,  which  passed  along  under- 
ground until  it  came  to  a  small  stream, 
which  it  crossed  by  a  bridge,  long  since 
destroyed.  After  this  it  again  became 
subterraneous  for  a  time,  and  then 
crossed  another  stream  on  a  bridge  of 
nine  arches,  the  ruins  of  some  of  the  col- 
umns of  which  are  still  to  be  seen,  and 
from  these  ruins  it  would  appear  that 
the  bridge  had,  at  some  time  or  another, 
been  destroyed,  probably  by  the  stream 
running  under  it  having  become  torren- 
tial, and  subsequently  rebuilt ;  again  it 
became  concealed  underground,  to  reap- 
pear in  crossing  a  small  valley  and  an- 
other small  stream,  when  it  was  again 
concealed  by  the  ground,  and  in  one  or 
two  places  channels  were  even  cut  for  it 
through  the  solid  rock,  after  which  it  re- 
appeared on  the  surface  at  a  point  where 
now  stands   the    village    of  Terre-Xoire, 


and  where  it  was  necessary  that  it  should, 
somehow  or  another,  cross  a  broad  and 
deep  valley.  It  ended  in  a  stone  reser- 
voir, from  which  eight  lead  pipes  de- 
scending into  the  valley  were  carried 
across  the  stream  at  the  bottom  on  an 
aqueduct  bridge,  about  25  ft.  wide,  and 
supported  by  twelve  or  thirteen  arches, 
and  then  mounted  the  other  side  of  the 
valley  into  another  reservoir,  of  which 
scarcely  any  remains  are  now  seen,  from 
which  the  aqueduct  started  again,  dis- 
appearing almost  immediately  under  the 
surface  of  the  ground  to  appear  again 
from  time  to  time  crossing  similar  valleys 
and  streams  upon  bridges,  the  remains 
of  some  of  which  may  still  be  seen, 
until  it  reached  Soucieu,  on  the  edge  of 
the  valley  of  the  Garonne,  where  are  still 
seen  the  remains  of  a  splendid  bridge, 
the  thirteenth  on  its  course,  nearly  1,600 
ft,  long,  and  attaining  a  height  of  56  ft. 
at  its  highest  point  above  the  ground. 
The  object  of  this  bridge  was  to  convey 
the  channel  of  the  aqueduct  at  a  suffi- 
cient height  into  a  reservoir  on  the  edge 
of  the  valley.  The  remains  of  this  bridge 
leave  no  doubt  that  it  was  purposely  de- 
stroyed by  barbarians ;  some  of  the 
arches  near  the  end  of  it  remain,  while 
the  rest  have  been  thrown  down,  some  on 
one  side  and  some  on  the  other,  but  hap- 
pily the  arches  next  to  the  reservoir,  at 
the  end  of  the  bridge  and  on  the  edge  of 
the  valley,  remain,  and  the  reservoir  it- 
self is  still,  in  part,  intact,  supported  on 
a  huge  mass  of  masonry.  Four  holes 
are  to  be  seen  in  that  part  of  the  front 
of  the  reservoir  which  is  left,  being  the 
holes  from  which  the  lead  pipes  descend- 
ed into  the  valle-".  There  must  have  been 
nine  of  these  pipes  in  all.  These  holes 
are  elliptical  in  shape,  being  12  in.  high 
by  9£  in.  wide,  and  the  interior  of  the 
reservoir  is  still  seen  to  be  covered  with 
cement.  The  walls  of  the  reservoir  were 
about  2  ft.  7  in.  thick,  and  were  strength- 
ened by  ties  of  iron;  it  had  an  arched 
stone  roof  in  which  there  was  an  open- 
j  ing  for  access.  From  this  the  nine  lead 
!  pipes  descended  the  side  of  the  valley, 
supported  on  a  construction  of  masonry, 
crossed  the  river  by  an  aqueduct  bridge, 
and  ascended  into  another  reservoir  on 
the  other  side,  as  seen  on  the  plan,  enter- 
ing the  reservoir  at  its  upper  part  just 
below  the  spring  of  the  arches  of  the 
roof.     From  this   reservoir  the  aqueduct 
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passed  to  the  next   on  the  edge  of  the 
large  and  deep  valley  of  Bonnan,  being 
underground    twice    and    having    three 
bridges  on   its  course,  the  last  of  which, 
the  sixteenth  on  the  course  of  the  aque- 
duct, ends  in  a  reservoir  on  the  edge  of 
the  valley.     Only  one  of  the  openings,  by 
which  the  siphons,  of  which  there  were 
probably  ten,  started  from  the  reservoir, 
is  now  left.     The  bridge  across  the  valley 
below  had  thirty  arches,  and  was  about 
880  ft.  long  by  24  ft.  wide.     A  number  of 
the  arches  still  remain  standing,  and,  as 
will  be  seen  by  the  photograph,  in  some 
instances  the  pillars  of  the  arches  were 
constructed   of  transverse   arches  them- 
selves.    The  work  consisted  of  concrete, 
formed  of  Koman  cement,  so  hard  that  it 
turns  the   points   of  pickaxes    when  em- 
employed  against  it,  with  layers  of  tiles 
at  regular  intervals.     The  surface  of  the 
concrete  is   covered  with   small   cubical 
blocks  of  stone,  placed   so  that  their  di- 
agonals are  horizontal  and  vertical,  and 
forming  what  is  known  as  opus  reticula- 
tum.    After  crossing  the  bridge  the  pipes 
were  carried  up  the  other  side  of  the  val- 
ley into  a   reservoir,  of  which   little  re- 
mains, and  then  the   aqueduct  was  con- 
tinued to  the  next   valley,  passing  over 
three  bridges  in  its  course.     This  valley, 
that  of  St.  Irenee,  is  much  smaller  than 
either  of  the  others,  but  nevertheless  it 
was  deep  enough  to  necessitate   the  con- 
struction of  inverted   siphons,  of  which 
there  were  eight.     Leaving  the  reservoir 
on  the  other  side  of  this  valley,  the  aque- 
duct was  carried  on  a  long  bridge  (the 
twentieth  on  its   course),  which   crossed 
the  plateau  on  the  top  of  Fourvieres  and 
opened  into  a  large  reservoir,  the  remains 
of  which  are  still  to  be   seen  on  the  top 
of  that  hill.     From  this  reservoir,  which 
was  77  ft.  long  and  51  ft.  wide,  pipes  of 
lead  conveyed  the  water  to   the  Imperial 
palace  and  to  the  other   buildings  near 
the  top  of  the  hill .     Some  of  these  lead 
pipes  were  found  in  a  vineyard  near  the 
top  of   Fourvieres  at  the   beginning  of 
the    eighteenth   century,    and    were   de- 
scribed by  Colonia  in  his  history  of  Ly- 
ons.    They  are  made  of  thick  sheet  lead, 
rolled  round  so  as  to  form  a  tube,  with 
the  edges  of  the  sheet  turned  upwards, 
and  applied  to  one  another  in  such  a  way 
as  to  leave  a  small  space  as  shown  in  the 
diagram,  which  was  probably  filled  with 
some  kind  of  cement.     These  pipes,  of 


which  it  is  said  that    twenty  or  thirty, 
each    from   15   ft.  to    20  ft.  long,    were 
marked  with  the  initial   letters   TI.  CL. 
CAES.   (Tiberius   Claudius    Caesar),  and 
afford  positive    evidence   that   the  work 
was  carried  out  under  the  Emperor  Clau- 
dius.    Lead  pipes,  constructed  in  a  simi- 
lar manner,  have  also  been  found  at  Bath, 
in  this  country,  in    connection   with  the 
Koman  baths.     The  great  difference  be- 
tween  this    aqueduct    and    those    near 
Rome  arises  from  the  fact  that,  instead 
of     being    carried   across   a   nearly   flat 
country,  it  was  carried  across  one  inter- 
sected with  deep  ravines,  and  that  it  was, 
therefore,  necessary  to  have  recourse  to 
the  system  of  inverted  siphons.     There 
can  be  no  doubt  that  the  inverted  siphons 
were  made  of  lead,  although  no  remains 
of  them  have  been  found,  for   we  know 
that  the  Romans  used  lead  largely,  and, 
as  we  have  seen,  pieces  of  the  lead  dis- 
tribution pipes  have  been  found.     It  is 
possible,  and    even    likely,    that   strong 
cords  of  hemp  were  wound  around  the 
pipes  forming  the  siphons,  as  is  related 
by  Delorme   in  describing  a  similar  Ro- 
man aqueduct  siphon  near  Constantino- 
ple ;  Delorme  also  describes,  in  the  aque- 
duct last  mentioned,  a  pipe  for  the  escape 
of  air  from  the  lowest  part  of  a  siphon 
carried  up   against  a  tower,  which   was 
higher  than  the  aqueduct,  and  it  is  certain 
there  must  have  been  some  such  contriv- 
ance on  the  siphons  of  the  aqueduct   at 
Lyons.     Flacheron   supposes    that  they 
consisted  of  small  pipes  carried  from  the 
lowest  part  of  the  siphons  up  along  the 
side  of  the   valley  and  above  the  reser- 
voirs, or,  in  some  instances,  of  taps  fixed 
at  the  lowest  part  of  the  siphons.     The 
Romans  have  been  blamed  for  not  using 
inverted    siphons  in    the    aqueducts    at 
Rome,  and  it  has  been  said  that  this  is  a 
sufficient  proof  that  they   did  not  under- 
stand-the  simplest  principles  of  hydraul- 
ics ;    but  the   remains  of    the  aqueducts 
at  Lyons  negative  this  assumption  alto- 
gether.    The  Romans  were  not  so  foolish 
as  to    construct    underground    siphons, 
many  miles  long,  for  the  supply  of  Rome, 
but  where  it  was  necessary  to  construct 
them  for  the  purpose  of  crossing  deep 
valleys  they  did  so.     The  same  Emperor 
Claudius  who  built  the  aqueduct  at  Rome, 
known  by  his  name,  built  the  aqueduct  of 
Mont  Pila,  at  Lyons,  and  it  is  quite  clear, 
therefore,  that  his  engineers  were  prac- 
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tically  well  acquainted  with  the  principles 
of  hydraulics.  It  is  thus  seen  that  the 
ancient  Romans  spared  no  pains  to  ob- 
tain a  supply  of  pure  water  for  their 
cities,  and  I  think  it  is  high  time  that  we 
followed  their  example,  and  went  to  the 


trouble  and  expense  of  obtaining  drink- 
ing water  from  unimpeachable  sources, 
instead  of,  as  is  too  often  the  case,  taking 
water  which  we  know  perfectly  well  has 
been  polluted,  and  then  attempting  to 
purify  it  for  domestic  purposes. 


THE  PHYSICAL  BASIS  OF  PHENOMENA. 

By  H.  H.  BATES. 
From  the  Bulletin  of  the  Philosophical  Society  of  Washington. 


If  there  is  anything  entirely  disheart- 
ening, it  is  to  see  the  few  landmarks  of 
human  achievement  disappear  before  the 
shifting  current  of  opinion,  as  headlands 
disappear  under  the  ceaseless  buffeting 
of  the  ocean.  It  is  no  doubt  a  matter  of 
poignant  regret  to  the  cherisher  of  ardent 
theological  convictions  to  see  the  bul- 
warks of  faith  slowly  undermined  by 
controversy.  So,  also,  to  him  who  has 
built  his  convictions  on  supposed  demon- 
strable and  irrefragable  fact,  to  find  noth- 
ing unassailable,  not  even  the  axioms  and 
postulates  conceded  for  ages  as  first 
principles,  on  which  the  fabric  of  science 
was  reared,  nor  the  sublime  inductions 
of  Galileo  and  Newton,  on  which  the 
modern  philosophy  called  natural — the 
only  fruitful  philosophy  which  man  has 
produced — has  been  founded. 

But  the  course  of  criticism  shows  that 
there  are  no  first  principles.  Nothing  is 
unquestionable.  Even  the  mathematic 
joins  hands  with  the  metaphysic.  I  pro- 
pose briefly  to  examine  the  fundamental 
grounds  of  mechanical  philosophy,  in 
view  of  the  wide  divergence  of  basal  hy- 
potheses in  recent  years,  and  especially 
on  account  of  the  importance  conferred 
upon  certain  speculations  by  their  admis- 
sion into  works  of  standard  reference 
and  authority.* 

To  do  this  aright  it  is  necessary  to  go 
behind  the  mere  sub  science  of  mechan- 
ics to  the  essence  and  substance  of  things, 
as  did  the  eighteenth-century  philoso- 
phers  succeeding  Newton.  The  observa- 
tional data  which  have  accumulated  since 
that  time  by  the  splendid  efforts  of  the 
molecular  physicists  enable  us  to  review 

*  Encylopaedia  Britannica,  9th  ed.,  articles  "  Mechan- 
ics." "Measurement,"  etc. 


and  recast,  with  some  promise,  the  prim- 
ary dogmas  regarding  the  physical  basis 
of  phenomena.  It  is  legitimate  to  frame 
hypotheses  on  subjects  which  are  still  un- 
fathomed,  but  which  confessedly  do  not 
belong  to  the  domain  of  the  unknowable. 
The  distinguished  example  of  the  authors 
of  the  vortex  atom  would  alone  justify 
such  a  conclusion. 

No  entirely  satisfactory  hypothesis  of 
the  atom  has  yet  been  found.  I  do  not 
design  to  discuss  the  vortex  atom  here  at 
length ;  for,  although  it  is  the  most  suc- 
cessful form  of  the  Cartesian  doctrine  of 
vortical  substance,  it  has  not  been  per- 
fected, and  is  generally  regarded  rather 
as  an  example  of  remarkable  speculative 
and   mathematical   ingenuity,  than  as  a 

!  discovery  corresponding  with  any  facts 
of  objective  physics.     It  has  insuperable 

'  difficulties,  some  of  which  have  been 
pointed  out  by  Clifford,  and  others  by 
Clerk- Maxwell.      Moreover,    unparticled 

I  or  continuous  substance,  the  necessary 
postulate  in  this  hypothesis,  is  something 
we  not  only  have  no  experience  of,  but 
find  full  of  inconsistencies  with   experi- 

j  ence,  when  we  gain  a  clear  conception  of 

I  what  it  implies.     Such  a  conception  ful- 

:  fills  Hegel's  paradox  that  being  and  non- 
being  are  the   same,  since  it  forbids  all 

i  mobility,  all  differentiation,  as  was  per- 
ceived by  the  followers  of  Democritus. 
It  simply  affords  an  inviting  basis  for 
analytical  discussion,  on  account  of  the 
elimination  of  the  very  conditions  of  ob- 
jective existence  which  make  the  mathe- 
matical difficulty. 

There  are  some  postulates  regarding 
substance  which  we  may  probably  be  per- 
mitted to  assume  at  the  outset.  We  may 
postulate  its  objectivity,  and  also  its  dis- 
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continuity.  I  have  no  space  to  review 
here  the  time-worn  controversy  between 
continuous  and  discontinuous  substance. 
The  arguments,  which  are  exhaustive 
from  the  metaphysical  side,  are  as  old  at 
least  as  Democritus  and  Anaxagoras. 
Suffice  it  to  say  that  modern  experiential 
philosophy  has  decided  the  battle  experi- 
mentally in  favor  of  the  discontinuity  of 
matter.  The  dispute  only  lingers  in  the 
region  of  the  atom,  where  observation 
cannot  penetrate  or  has  not  penetrated. 
The  inability  to  conceive  which  attaches 
to  all  non- experiential  affairs  is  encoun- 
tered here,  coupled  with  the  too  great 
facility  of  conceiving  what  is  superficial- 
ly observed,  but  will  not  bear  analysis. 
Thus  our  first  impressions  of  substance 
are  in  favor  of  its  continuity.  It  is  only 
after  much  reflection  that  we  get  the  idea 
of  necessary  discontinuity,  as  bound  up 
with  the  exhibition  of  existing  phenom- 
ena. But  the  wonderful  development  of 
the  Cartesian  mathematics,  in  conjunction 
with  the  infinitesimal  calculus,  and  its 
great  facility  in  dealing  with  geometrical 
continuities,  has  tacitly  revived  the  Carte- 
sian idea  regarding  the  nature  of  matter, 
as  synonymous  with  space  relations, 
which  never  reached  intelligible  develop- 
ment at  the  hands  of  its  author,  and 
wholly  declined  and  disappeared  after 
the  establishment  of  the  Newtonian 
philosophy,  and  the  discovery  of  the  dis- 
crete character  of  substance. 

In  point  of  fact,  experience  would 
point  to  extreme  porosity  or  discreteness 
as  characteristic  of  substance,  rather  than 
to  its  opposite — perfect  continuity.  The 
infinite  divisibility  of  space  has  nothing 
in  the  world  to  do  with  the  question, 
though  this  is  a  confusion  often  fallen 
into.  On  the  contrary,  there  is  an  infin- 
ite distinction  between  the  infinitesimal 
discrete  units  of  substance,  occupying 
extension  by  their  interactivity,  and  the 
passive  infinitesimal  resolvability  of  space 
continuity.  This  is  the  antipodean  dif- 
ference between  the  Epicurean  and  the 
Cartesian  conceptions ;  the  former  ad- 
mitting of  the  operations  of  force,  the 
free  exhibition  of  motion,  the  organiza- 
tion of  material  phenomena,  which  are 
phenomena  of  mobility;  the  latter  con- 
stituting a  plenum,  with  only  ideal  divi- 
sions, and  phenomenally  as  necessarily 
barren  a  negation  as  space  itself. 

Substance  is  purely  experiential.     In 


its  essence  it  is  still  incomprehensible, 
because  experience  has  not  yet  reached 
down  to  those  recesses.  We  know  noth- 
ing of  substance  except  by  its  manifesta- 
tions. These  manifestations  are  cognized 
by  us  through  sense  impressions, weighed, 
compared,  adjusted,  and  analyzed  in  the 
mysterious  alembic  of  the  mind.  First 
impressions  have  enormous  predominance^ 
and  are  intensified  by  heredity  of  cerebral 
predisposition  and  function. 

We  cognize  substance  only  in  bulk  by 
direct  perception,  and  these  vast  aggre- 
gations stand  in  thought  for  matter.  A 
drop  of  water  contains  incomparably 
more  molecules  than  the  ocean  contains 
drops  ;  a  grain  of  sand  more  particles 
than  the  earth  contains  grains  ;  and  it  is 
this  vast  mesh  of  complicated  forces  that 
forms  the  integrated  concept  of  matter 
to  our  apprehension.  The  child,  before 
he  can  walk,  encounters  obstacles  to 
movement,  reaction  to  his  every  muscular 
effort,  of  equal  measure  to  his  own;  and 
thus  his  first  and  prof oundest  convictions 
of  objective  existence  are  associated  with 
resistance,  opposition,  repulsion.  This 
impression  of  matter  is  so  early  that  it 
remains  with  us  as  its  most  natural  and 
obvious  characteristic. 

The  idea  of  weight  is  also  one  of  the 
earliest  experiences.  This  idea  would 
not  be  conceivable  to  a  denizen  of  the 
deep  sea,  for  our  first  ancestor  who 
emerged  from  the  water  gained  the  ex- 
perience at  the  cost  of  great  struggle  and 
enterprise.  By  the  natural  development 
of  muscle  and  function  the  child  rears  it- 
self very  early  against  the  constant  pull 
of  our  pedestal,  triumphs  over  it  with 
new-found  energies,  dances  on  tiptoe,  and 
spurns  the  ground,  but  is  soon  content 
to  draw  the  battle,  to  wander  around  a 
few  weary  years  on  equal  terms,  at  length 
to  call  in  the  aid  of  a  stick  or  crutch, 
and,  finally,  to  resign  the  unequal  con- 
test, and  sink,  vanquished  and  satisfied,, 
to  rest  in  its  bosom.  Weight  thus  seemed 
a  natural  characteristic  of  matter  until 
identified  and  generalized  by  Newton  as 
a  universal  and  especially  a  reciprocal 
property.  This  generalization  trans- 
ferred the  property,  in  conception,  from 
the  naturally  heavy  body  to  a  cause  outside 
thereof,  namely,  the  earth  itself.  Here 
the  human  mind  relucted,  for,  unlike  re- 
pulsion, attraction  is  not  an  observational 
fact.     All  forms  of  tension,  stress,  con- 
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straint — by  whatever  name  called — are 
attended  in  the  child's  experience  with  an 
intermediary  connection.  The  string  is 
necessary  to  pull  the  cart,  and  the  action 
of  the  magnet  upon  the  iron  particles  is 
viewed  with  astonishment  and  awe.  The 
sense  of  mystery  does  not  proceed  so  far 
in  his  case  as  to  contemplate  the  equally 
mysterious  power  which  makes  his  string- 
differ  from  a  rope  of  sand.  The  most 
profound  attention  of  the  human  mind 
has  not  yet  fathomed  this  niystery. 

Inertia  or  mass  is  a  less  obvious  prop- 
erty, being  in  early  observation  and  in 
common  apprehension  bound  up  with 
weight.  It  was  not  recognized  in  philos- 
ophy till  Galileo's  time,  nor  is  it  now  by 
the  common  perception,  except  after  train- 
ing. A  lady  makes  no  scruple  of  asking 
to  have  a  loaded  car  or  train  or  vessel 
stopped  at  a  given  point  on  the  instant, 
and  reinvested  with  motion  any  number 
of  times ;  and  would-be  inventors  often 
contrive  theoretical  machines  having  nu- 
merous heavy  reciprocating  parts  timed 
to  velocities  impossible  of  execution. 
With  beings  under  other  conditions  it  is 
wholly  different.  The  sword-fish,  e.  g., 
can  have  no  conception  of  gravity,  as  he 
has  no  perception  of  it,  but  his  apprehen- 
sion of  inertia  is  finely  cultivated,  through 
the  muscular  sense,  in  setting  up  and 
modifying  the  rapid  movements  in  which 
his  existence  delights,  as  well  as  through 
his  vivid  realization  of  momentum,  in  the 
piercing  of  a  whale  or  a  vessel,  by  which 
his  function  is  so  powerfully  exhibited. 
When  once  realized  by  human  perception, 
however,  inertia  becomes  identified  with 
substance  as  its  most  primary  character- 
istic. 

The  old  scholastic  property  of  impene- 
trability, also,  is  one  of  the  superficial  no- 
tions of  experience,  gained  in  the  same 
way  as  that  of  repulsion.  It  seems  to 
pertain  to  solids — the  typical  matter — 
with  approximate  accuracy,  though  cal- 
cined plaster  of  Paris  and  water,  e.  g., 
will  occupy  a  good  share  of  each  other's 
volume,  and  still  form  a  highly  porous 
solid.  But  a  quart  receiver  full  of  hydro- 
gen can  have  a  quart  of  carbonic  acid  gas 
deftly  introduced  into  it  as  into  a  void 
space  ;  and  so  can  a  quart  of  water,  at  or- 
dinary temperature  and  pressure,  accord- 
ing to  Gmelin,  without  increase  of  vol- 
ume, although  water  is  the  type  of  mate- 
rial continuity.     As  to  impenetrability  in 


the  molecule,  we  can  predicate  nothing. 
The  evolution  of  heat  in  chemical  combin- 
ations indicates  penetration  of  volume, 
with  reorganization  of  the  molecule  in 
less  space  ;  and  there  is  no  reason,  except 
a  scholastic  one,  why  two  or  more  mole- 
cules or  even  atoms,  should  not  occupy 
the  same  place,  as  admitted  by  the  high- 
est authority — James  Clerk- Maxwell. 

Dimension  is  also  a  common  notion, 
derived  similarly  from  superficial  and  early 
experience.  Solids  alone  have  figure  and 
assignable  dimension,  though  liquids 
have  fixed  volume,  and  gases  variable  vol- 
ume, in  inverse  ratio  to  constraint ;  but 
even  solids  are  of  varying  and  fluctuating 
dimensions,  according  to  temperature, 
density,  etc.  Solidity  and  liquidity  are, 
it  is  well  known,  but  mere  transitory  con- 
ditions of  material  aggregation,  for  all 
matter  is  capable,  by  sufficient  accession 
of  molecular  motion,  of  assuming  that 
hyperbolic  or  expansive  condition  which 
we  call  gaseous,  and  in  this  state  dimen- 
sion and  impenetrability  are  meaningless 
terms.  Concerning  dimension,  as  a  nec- 
essary attribute  of  the  unit  of  mass,  Clerk- 
Maxwell  says  (Encyclopaedia  Britannica, 
9th  Ed.,  Vol.  3,  p.  37) :  "  Many  persons 
cannot  get  rid  of  the  opinion  that  all  mat- 
ter is  extended  in  length,  breadth,  and 
depth.  This  is  a  prejudice  .  .  . 
arising  from  our  experience  of  bodies 
consisting  of  immense  multitudes  of 
atoms."  That  there  is  no  necessary  rela- 
tion between  mass  and  volume  as  there  is, 
e.  g.,  between  mass  and  weight,  is  shown 
to  common  experience  by  the  notably  dif- 
ferent masses  of  a  buckshot  and  a  pith- 
ball  of  the  same  dimensions,  or  of  a  can- 
non ball  and  a  child's  hydrogen  balloon. 
A  pellet  of  iridium  equivalent  in  mass  to 
the  pith-ball  might  be  microscopic,  and, 
by  extreme  supposition,  infinitesimal.  We 
are  not  forced,  however,  to  deny  to  the 
unit  of  mass  finite  magnitude,  as  this 
would  be  an  experiential  fact  when  as- 
certained. 

The  remaining  so-called  properties  of 
matter  are  too  obviously  transitory,  acci- 
dental, or  derivative  to  require  attention. 
Color,  luminosity,  opacity,  transparency, 
sapidity,  sonority,  odor,  texture,  temper- 
ature, diathermancy,  plasticity,  hardness, 
brittleness,  density,  compressibility,  con- 
ductivity, malleability,  fusibility,  solubil- 
ity, and  many  others,  are  too  clearly  but 
conditions  of  aggregation,  or  else  mere 
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subjective  states  due  to  the  way  the  com- 
plicated interactions  of  the  primary  qual- 
ities affect  our  senses.  What  are  the  pri- 
mary qualities  ? 

Here  is  where  the  modern  method  of 
philosophy  flags,  by  the  disappearance  one 
by  one  of  the  experimental  means  of  ap- 
proach, as  we  eliminate  the  non-essentials. 
But  though  the  substance  is  thus  elusory, 
we  cannot  yet  believe  it  to  be  illusory. 

Chemical  and  molecular  physics  have 
already  gone  marvelously  beyond  the 
ordinary  range  of  sense-perception,  by 
strictly  scientific  methods.  Not  only  is 
the  discrete  character  of  matter  estab- 
lished, but  many  data  of  the  differentia 
and  organization  of  the  molecule  are  dis- 
covered. Here  is  a  vast  field  of  science 
in  itself.  From  the  ideal  molecule,  or 
simple  couple,  up  through  the  70  actual 
organized  molcules  of  our  provisional  ele- 
ments, then  the  chemical  molecules  of 
their  combinations  in  vast  numbers,  dis- 
covered and  undiscovered,  and,  lastly,  the 
enormously  complex  organic  molecule  in 
infinite  variety,  the  domain  transcends  in 
area  for  classification  that  of  biologic  sci- 
ence. The  simple  molecule  has  not  yet 
been  discovered,  much  less  the  molecular 
constituent,  the  atom,  or  the  indivisible. 
It  is  evident,  however,  that  the  properties 
of  matter  which  are  essential,  not  differen- 
tial, must  reside  in  the  atom.  The  phil- 
osophers succeeding  Newton,  treated  the 
atom  and  the  elementary  molecule  as  one, 
from  lack  of  sufficient  chemical  knowl- 
edge. We  are  on  a  higher  plane  of  in- 
formation, but  their  method  is  not  neces- 
sarily vitiated  by  such  lack  of  distinction. 

We  cannot,  as  before  said,  attribute  a 
priori  to  the  atom  dimension  or  figure, 
though  we  postulate  it  to  aid  conception. 
As  the  atom  is  an  absolute  unit,  there  is. 
incongruity  in  finally  assigning  to  it  such 
relative  attributes,  which  are  but  matters 
of  comparison  and  degree.  There  are 
properties,  however,  which  are  insepara- 
ble from  an  absolute  essence.  These 
are  the  properties  by  which  the  essence  is 
manifested  to  us.  We  know  them  provi- 
sionally as  forces,  in  the  Newtonian  no- 
menclature. Had  gaseous  matter  neither 
weight  nor  mass,  we  could  not  know  of  its 
existence.  But  these  attributes  are  so 
constant  in  matter  that  we  estimate  its 
quantity  in  terms  of  them  and  have  no 
other  exact  terms.  Weight  is  the  stat- 
ical measure  ;  mass  the  dynamical  meas- 


ure. And  since  weight  and  mass  corre- 
spond for  all  substances,  under  all  trans- 
formations, we  judge  that  the  correspond- 
ence identifies  them  alike  with  the  essence. 
They  cannot  be  the  mere  result  of  organi- 
zation. They  must  belong  to  the  ulti- 
mate atom. 

At  this  point  it  would  seem  proper  to 
attend  to  a  question  of  definition.  Defi- 
nitions are  essential  to  clearness,  on  the 
one  hand,  and  a  source  of  entanglement 
on  the  other,  if  we  fall  into  the  scholastic 
error  of  regarding  a  mere  word  as  the 
coextensive  symbol  of  an  idea.  Words 
are  evolved  during  the  imperfection  of 
ideas,  and  language  is  still  a  most  imper- 
fect medium  of  expression.  Hence,  logic 
is  not  a  science  in  the  sense  that  mathe- 
matics is.  I  have  used  the  term  force. 
This  is  a  word  of  much  ambiguity  of 
meaning.  We  may  use  it  as  a  convenient 
mathematical  expression  for  a  mere  rate  of 
change  of  momentum,  or  we  may  go  far- 
ther and  define  it  as  that  which  changes 
a  body's  state  of  rest  or  of  uniform  mo- 
tion in  a  straight  line ;  either  of  which 
uses  restricts  it  to  only  a  portion  of  phe- 
nomena, and  ignores  the  whole  science  of 
statics,  dealing  with  forces  in  equilibrium 
and  the  phenomena  of  balanced  stress.  If 
we  give  it  a  more  general  signification,  as 
that  which  changes  or  tends  to  change,  or 
conserve,  the  state  of  motion  of  particles, 
or  systems  of  such,  either  in  quantity  or 
direction,  we  embrace  statics  as  well  as 
kinematics,  and  get  a  measurably  philo- 
sophical definition,  if  we  bear  in  mind  the 
proviso  that  we  do  not  thereby  postulate 
force  as  an  entity  apart  from  substance. 

And  since  the  compound  variable  space 
and  time  condition,  which  we  call  motion 
(of  which  rest  is  but  a  phase),  is  the  sen- 
sible resultant  of  the  interaction  of  such 
discrete  substance  by  constant  rearrange- 
ment where  readjustment  is  free,  or  the 
potential  resultant  where  confined,  we 
may  admit  that  the  observed  tension  and 
persistence,  of  whatever  form,  is  that 
which  effects  the  phenomenon  (though 
masked  by  infinite  variety  and  composi- 
tion), and  always  across  the  discontinuity ; 
not  as  separate  entities,  but  as  modes  of 
manifestation  of  the  interacting  and  per- 
vasive substance  itself  and  its  only  mani- 
festations. This  we  call  force — the  in- 
scrutable agent  of  phenomena — and  this 
I  take  to  be  the  true  Newtonian  concep- 
tion, as  evinced  by  his  maturest  conclu- 
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sions,  expressed  in  query  31  appended  to 
his  "Optics." 

So  far  as  weight  goes,  it  was  general- 
ized by  Newton  to  be  a  reciprocal  force 
or  stress,  operative  without  limit  on  the 
law  which  inheres  in  radial  space  relations 
— the  inverse  square  of  the  distance. 
The  term  operative  means  effective  upon 
mass,  namely,  bridging  the  discontinuity. 
Gravity  is  the  typical  attractive  force — 
vis centripeta.  The  relation  is  mutual  by 
the  law  of  action  and  reaction,  and 
amounts  to  a  universal  tention  among 
particles,  controlling  all  matter  every- 
where into  orderly  movements  and  rela- 
tions. This  is  what  we  postulate  from 
observation,  on  the  Newtonian  plan  of 
naming  simply  what  we  see.  The  notion, 
however,  of  action  at  a  distance  has  en- 
countered a  metaphysical  difficulty  in 
many  minds,  from  the  preconception  de- 
rived from  ordinary  experience  that  all 
affections  or  stresses  must  proceed 
through  an  intermediary  connection, 
deemed  continuous.  Even  Newton  made 
concession  to  this  prejudice  in  his  oft- 
quoted  letter  to  Bentley.  That  there  is 
really  no  such  continuity  in  any  mode  of 
connection  known  is  demonstrable,  and 
the  notion  itself  that  the  fancied  continu- 
ity of  some  rare  effluvium  could  in  any 
way  aid  the  mechanics  of  the  problem  is 
chimeric. tl.  Clerk  -  Maxwell,  moreover, 
has  shown  (Encyclopaedia  Britannica,  Vol. 
3,  p.  63)  that  action  at  a  distance  is  as 
necessarily  implied  in  repulsion  as  in  at- 
traction, so  that  theories  of  repulsion  do 
not  aid  conception.  Ability  or  inability 
to  conceive,  furthermore,  is  not  held  even 
by  the  metaphysicians  to  be  a  criterion  of 
objective  truth.  Such  truths  exist  inde- 
pendent of  the  conceiving  mind.  The 
conceiving  organ  was  evolved  by  experi- 
ence, and  conception  develops  with  atten- 
tion. The  first  law  of  motion  was  whol- 
ly inconceivable  to  the  contemporaries  of 
Galileo,  and  we  find  such  instances  even 
now.  Thus,  while  plain  truths  are  incon- 
ceivable until  established,  some  utter  ab- 
surdities have  been  deemed  conceivable, 
as,  for  instance,  vacuity  of  two  dimen- 
sions. State  of  mind,  then,  is  no  measure 
of  external  truth.* 


*  In  this  connection,  to  illustrate  how  entirely  a  mat- 
ter of  opinion  or  prejudice  or  culture  is  this  notion  of 
conceivability,  I  quote  from  a  letter  written  by  Fara- 
day to  Dr.  Playfair,  in  response  to  some  inquiries  of 
the  latter  about  his  atomic  opinions  : 

.    .    .    "I  believe  in  matter  and  its  atoms  as  freely 


The  second  force  or  manifestation  of 
the  atom,  inertia — or  mass — unlike  gravi- 
ty, is  not  unlimited  in  range  of  action. 
As  to  this  property  matter  is  discrete. 
Mass  has  both  a  locus  and  a  limit  (being 
apparently  dependent  for  dimension  on 
multiplicity),  and  amounts  to  that  incom- 
prehensible property  by  which  conserva- 
tion of  motion  is  maintained.  Under 
gravity,  quantity  of  motion  varies  accord- 
ing to  relations  of  contiguity,  but  under 
inertia  motion  is  conserved  in  direction 
and  quantity,  is  modified  in  direction 
and  quantity  by  interaction  of  mass  with 
gravity,  and  is  redistributed  by  interac- 
tion with  repulsive  force  upon  an  indefin- 
itely near  approach  of  particles,  upon 
conservative  principles.  Its  discreteness 
gives  matter  its  numerical  and  finite 
character,  and  admits  of  that  interplay 
which  constitutes  phenomena.  Its  reality 
and  primary  character,  when  once  appre- 
hended, have  proved  more  acceptable  to 
the  imagination  than  has  the  conception 
of  central  force,  and  under  appulsion 
hypotheses  (with  the  aid  of  that  other 
readily  accepted  property,  repulsion,  and 
certain  highly  artificial  hypothetical 
media),  it  has  been  made  to  do  duty  in 
providing  so-called  explanations  of  grav- 
ity, under  its  form  of  vis  viva. 

It  has  always  seemed  to  me  that  the 
mode  of  approach  adopted  by  Boscovich 
was  the  most  philosophical  and  rigorous 
of  any.  He  viewed  matter  for  the  pur- 
poses of  mathematical  treatment  and  for 
investigation  of  its  essentials,  as  divested 
of  accidental  and  fugitive  properties  ;  and 
as  the  analytical  calculus  had  not  then 
become  so  developed  as  to  wholly  fasc:- 

as  most  people— at  least.  I  think  so.  As  to  the  little 
solid  particles  which  are  by  some  supposed  to  exist 
independent  of  the  forces  of  matter,  and  which  in  dif 
ferent  substances  are  imagined  to  have  different 
amounts  of  these  forces  associated  with  or  conferred 
upon  them,  ...  as  1  cannot  form  any  idea  of  them 
apart  from  the  forces,  so  I  neither  admit  nor  deny 
tbem.  They  do  not  afford  me  the  least  help  in  my  en- 
deavor to  form  an  idea  of  a  particle  of  matter.  On 
the  contrary,  they  greatly  embarrass  me ;  for,  after 
taking  an  account  of  all  the  properties  of  matter,  and 
allowing  in  my  consideration  for  them,  then  these 
nuclei  remain  on  the  mind,  and  I  cannot  tell  what  to 
do  with  them.  The  notion  of  a  solid  nucleus  without 
properties  is  a  natural  figure  or  stepping-stone  to  the 
mind  at  its  first  entrance  on  the  consideration  of  natu- 
ral phenomena ;  but  when  it  has  become  instructed, 
the  like  notion  of  a  solid  nucleus  apart  from  the  re- 
pulsion, which  gives  our  only  notion  of  solidity,  or  the 
gravity,  which  gives  our  notion  of  weight,  is  to  me  too 
difficult  for  comprehension  ;  so  the  notion  becomes  to 
me  hypothetical,  and,  what  is  more,  a  very  clumsy 
hypothesis."    (Playfair's  works,  vol.  4,  p.  84.) 

Here  we  see  a  difficulty  opposite  to  that  usually  en- 
countered, for,  while  many  people  express  an  infirmi- 
ty of  conception  of  the  forces  apart  from  the  imagin- 
ary vehicle.  Faraday  finds  the  vehicle  of  no  use  as  a 
carrier  of  the  properties,  but  a  positive  impediment. 


312 


van  nostrand's  engineeehn-g  magazine. 


nate  the  attention  of  geometers  with  ab- 
stract and  ideal  relations,  he  proceeded 
from  prime  physical  data.  He  thus  iden- 
tified matter  by  those  apparently  general 
and  characteristic  properties  recognized 
by  Newton  as  the  basis  of  mechanical 
philosophy  in  conjunction  with  the  laws 
of  motion.  These  properties  are,  as  be- 
fore said,  gravity,  iDertia,  and  repulsion; 
or,  as  characterized  by  function,  attrac- 
tion, conservation,  distribution.  In  this 
view,  matter  consists  of  certain  loci  of  cen- 
tral forces,  mutually  attractive  by  the  first 
property  according  to  a  variable  law  in 
the  duplicate  inverse  ratio  of  distance 
without  limit,  bub  restricted  in  manifesta- 
tion as  to  the  second  property  to  the  in- 
finitesimal locus,  thereby  excluding  uni- 
tary dimension.  Contemplating  matter 
under  this  aspect  alone,  a  dilemma  arose. 
For  gravity  waxing  by  the  law  of  inverse 
squares  of  the  distance  up  to  the  focus  or 
origin,  involves  the  consideration  of  infi- 
nite force  and  apparently  of  infinite  veloc- 
ity in  the  limit,  in  the  supposable  case  of 
rectilinear  approach,  at  which  point  the 
equations  become  unexplainable.  While 
Euler  and  La  Place  differ  in  their  inter- 
pretations of  the  result,  Boscovich  sought 
to  solve  the  apparent  absurdity  and  in- 
conceivability by  the  invention  of  his  in- 
genious and  complex  system  of  alternate 
spheres  of  attraction  and  repulsion,  or 
change  of  sign,  on  a  very  near  approach, 
with  infinite  repulsion  at  the  focus,  which 
so  loaded  down  and  vitiated  his  hypoth- 
esis as  to  cause  its  rejection.  This  result 
was  similar  to  that  of  Le  Sage's  specula- 
tions and  those  of  the  Ptolemaic  astrono- 
mers, each  thus  working  out  the  falsity 
of  his  respective  scheme  by  superadded 
complications  to  readjust  the  theory  to 
the  progress  of  criticizm  or  of  observed 
fact. 

By  attributing  finite  magnitude  to  the 
atomic  mass,  however,  Boscovich's  diffi- 
culty disappears,  as  I  had  the  honor  of 
pointing  out  before  this  Society  some  ten 
years  ago.  This  may  be  deemed  a  violent 
hypothesis  in  regard  to  a  positive  discrete 
simple  absolute,  as  the  atom  is  presumed 
to  be,  but  parallel  difficulties  inhere  in  any 
other  finite  supposition,  as,  e.  g.,  a  sphere 
of  repulsion.  Under  my  provisional  as- 
sumption, the  way  out  follows  from  an 
elementary  proposition  of  Newton's,  and 
it  does  not  demand  the  gratuitous  change 
of  law  or  of  continuity  involved  in  the  re- 


sort of  Boscovich.  The  movement  of  a 
gravitating  particle  under  stress  of  a  cen- 
ter of  gravitative  force  would  be  in  all 
respects  as  the  great  18th-century  mathe- 
maticians have  demonstrated, until  the  mar- 
gin of  the  particle  reached  the  attracting 
center,  where,  if  we  suppose  the  attrac- 
tive virtue  to  pervade  the  particle  equally 
throughout  a  certain  finite  volume  of 
mass,  however  minute,  as  gravity  does 
the  mass  of  a  sphere,  the  maximum  of  at- 
tractive force  would  be  attained ;  for,  as 
Newton  has  shown,  homogeneous  spheres 
are  controlled  under  gravity  by  a  law  of 
force  varying  directly  as  the  mass  and  in- 
versely as  the  squares  of  a  distance  be- 
tween their  center  of  mass  and  the  attrac- 
ting center,  at  all  points  beyond  the  sur- 
face, and  directly  as  the  distance  between 
the  said  centers  within  the  surface;  so 
that  after  passing  the  surface,  the  attrac- 
tive center  must  proceed  onwards  to  the 
gravitating  center  of  mass  (relatively), 
not  by  a  force  increasing  to  infinity,  but  by 
a  force  decreasing  to  zero,  after  passing 
the  maximum,  since  it  is  balanced  at  the 
center  by  opposing  stresses. 

A  similar  law  of  attraction  prevails  be- 
tween two  gravitative  particles  when  both 
are  similarly  endowed  with  finite  spheri- 
cal volume  and  mass,  excluding  the  idea 
of  impenetrability  (which  is  not  a  neces- 
sary attribute  of  mass),  the  Newtonian 
law  being  the  product  of  the  masses  di- 
vided by  the   product  of   the  distances 

I— T-  J    for  outside  positions. 

For  positions  of  encroachment  the  law 


*  I  write  the  formula  this  way  because  it  is  possible 
that  we  have  been  in  error  all  along  in  regarding  the 
denominator  as  a  radial  space  relation,  as  implied 

when  we  write  it  -=£-.    In  discussing  the  deflection  of 

the  particle  under  gravity,  Newton,  for  matematical 
simplicity,  treated  it  as  governed  by  a  fixed  attracting 
central  force,  and  in  testing  various  relations  found 
that  the  radial  space  relation  gave  the  true  path  of  the 
planetary  bodies  under  the  immense  preponderating 
influence  of  the  sun's  mass.  The  fixed  center  of  attrac- 
tion is,  however,  a  mathematical,  not  a  physical  con- 
dition, and  can  only  be  realized  by  making  M=  oo, 
when  we  get  a  form  of  expression  which  does  not  give 
a  law  of  force.  I  think  it  possible  that  the  relation  is 
a  mere  reciprocal  distance  relation,  since  the  stress  is 
mutual  for  the  masses  and  each  is  equally  distant  from 
the  other.  The  inverse  form  of  the  relation,  moreover, 
may  arise  from  our  subjective  way  of  viewing  distance, 
as  measured  outwardly  from  ourselves,  since  we  have 
to  go  from  here  to  yonder.  It  is  possible  to  look  upon 
the  relation  as  really  one  of  contiguity  or  nearness, 

and  by  placing  —=c  we  get  the  cosmical  law  of  gravi- 
tation as  M.cmc.  This,  however,  would  not  be  a  useful 
formula,  since  we  are  not  accustomed  to  expressions 
which  attain  maximum  value  with  minimum  magni- 
tude. 
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is  more -complicated,  and  forms  an  inter- 
esting field  for  mathematical  discussion. 
Where  three  or  more  atoms  are  superim- 
posed the  problem  becomes  too  complex 
for  discussion.  It  is  noted,  however,  that 
such  compound  atom,  if  quiescent  from 
extreme  abstraction  of  heat,  would  be  in  a 
condition  of  elastic  equilibrium,  ready  to 
respond  like  a  bell  to  the  slightest  dis- 
turbances. In  all  these  cases  of  inter- 
penetration  the  law  of  stress  would  be 
Unite  and  diminishing,  and  if  the  line  of 
encounter  should  chance  to  be  a  right 
line  through  their  centers  (a  condition  in- 
finitely rare  in  actual  occurrence),  they 
would  continue  on  or  repeat  according  to 
energy  of  approach ;  while  upon  any  other 
lines  of  approach  orbital  relations  would 
supervene,  in  modified  curves  of  the  sec- 
ond order,  either  hyperbolic,  parabolic, 
or  elliptic,  according  to  velocity,  and  with 
or  without  partial  penetration,  according 
to  nearness  of  approach. 

Boscovich,  however,  did  not  adopt  this 
solution,  although  within  his  reach.  The 
problem  of  the  action  of  a  gravitative  par- 
ticle as  controlled  by  an  attractive  center 
has  several  aspects  of  statement,  which 
may  be  confined  to  four,  for  practical  in- 
vestigation. In  the  first,  where  the  par- 
ticle is  assumed  to  be  without  mass,  no 
discussion  is  possible,  for  the  two  suppo- 
sitious points  instantly  assume  the  same 
locality,  and  end  the  relation.  In  the  sec- 
ond, where  the  particle  is  endowed  with 
inertia  but  not  magnitude  (and  the  attrac- 
tive locus  fixed  by  postulate),  the  element 
of  motion  enters,  but  infinite  terms  ap- 
pear in  the  equations  in  the  limit,  forbid- 
ing  interpretation.  Tlrrdly,  when  we  at- 
tribute finite  magnitude  to  the  gravitative 
particle  for  gravitative  pervasion,  as  in 
actual  spherical  masses,  no  infinite  terms 
appear,  and  we  get  an  intelligible  mathe- 
matical discussion,  with  planetary  results 
for  exterior  positions,  and  pendulum  re- 
salts  for  interior  positions,  as  I  have 
heretofore  demonstrated ;  and  lastly, 
when  both  the  gravitating  loci  are  in- 
vested with  similar  attributes  of  volume 
and  of  mass  (excluding  extraneous  notions 
of  ordinary  collision  and  repulsion  from 
the  problem),  the  results  are  similar  to 
those  of  the  third  hypothesis.  I  do  not 
introduce  any  of  the  mathematical  discus- 
sions here,  as  the  dynamics  of  the  particle 
have  been  fully  treated  by  mathemati- 
cians, though  I  am  not  aware  that  any  of 
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them  have  pursued  it  to  physical  conclu- 
sions. 

It  is  not  likely,  however,  that  there  is 
any  matter  so  simple  as  this  modified 
Boscovichian  atom  ;  that  is,  which  can  be 
identified.  All  the  matter  we  know  of  is 
already  compounded  and  highly  organ- 
ized. The  ideal  simple  molecule  would 
consist  of  a  single  pair  of  such  atoms, 
bound  to  each  other  in  orbital  relations  of 
more  or  less  eccentricity,  including  the 
extreme  rectilineal  form  of  simple  pedu- 
lum-like  oscillation  through  one  another's 
centers  ;  and  it  is  a  most  significant  fact 
that  spectroscopic  observation  of  all  in- 
candescent matter  shows  atomic  matter 
to  be  in  this  state  of  transverse  or  orbital 
oscillation  with  inconceivable  but  syn- 
chronous rapidity  without  regard  to  range, 
according  to  the  pendulum  law  of  stress 
varying  directly  as  the  range  of  occupa- 
tion, discovered  by  Galileo.  Any  theory  of 
the  simple  molecule  must  take  cognizance 
of  this  observed  fact.  Another  cognate 
fact  is  that  the  law  of  elastic  cohesion 
manifest  in  all  elastic  tensile  action — ';  ut 
tensio  sic  vis  " — is  a  parallel  law  of  stress, 
as  illustrated  in  the  spring  balance  weigh- 
ing scale,  the  spring  dynamometer,  the 
isochronous  spring  governor,  etc.,  and  is 
a  function  of  molecular  and  ultimately  of 
atomic  force  and  distance. 

If  the  atom  is  really  thus  characterized, 
the  repulsion  or  resistant  property  expe- 
rienced in  matter  becomes  worthy  of  in- 
vestigation, since  it  drops  out  as  the 
primitive  affection  or  disaffection  postu- 
lated by  Boscovich.  I  have  shown  that  it 
is  not  necessary  to  oscillatory  motion.  We 
must  admit  that  the  notion  of  rebound  or 
recoil,  in  the  ordinary  sense,  between 
simple  atoms  possesses  difficulties.  No 
less  does  the  idea  of  plasticity  or  destruc- 
tion of  momenta,  Consider  what  is  in- 
volved in  the  hypothesis  of  two  absolutely 
hard,  rigid,  unparticled,  homogeneous 
spherical  bodies  of  any  magnitude  at  all, 
if  possessed  of  mass,  meeting  on  a  recti- 
lineal central  line  of  motion.  We  know 
what  would  happen  in  case  of  ordinary 
spherical  elastic  masses  or  aggregations 
of  molecules.  Such  merely  undergo,  first, 
apparent  contact,  then  compression,  de- 
formation, strain,  accumulation  of  stress, 
retardation  of  velocity,  momentary  arrest, 
acceleration  on  new  lines  of  departure, 
relief  of  strain,  recovery  of  form,  redistri- 
|  bution  of  momenta,  and  final  resumption 
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of  uniform  velocities,  with  relative  motion 
inverted  and  aggregate  energy  of  motion 
unimpaired,  unless  permanent  distortion 
and  heat  have  absorbed  a  portion.  All 
this  complex  action  is  involved  in  the  term 
elasticity.  None  of  this  could  take  place 
with  simple  undifferentiated  particles,  un- 
less we  invent  for  them  a  mystic  atmos- 
phere or  cushion  of  repulsive  capacity 
surrounding  the  locus,  as  Boscovich  was 
forced  to  do  by  logical  conclusions.  With- 
out this,  contact  would  be  absolute  and 
instantaneous  at  first  impact.  As  hard- 
ness involves  impenetrability,  absolute 
destruction  of  motion  on  the  instant 
must  ensue ;  that  is,  motion  and  no  mo- 
tion at  consecutive  instants  of  time  ;  a 
discontinuity  unknown  to  experience,  and 
known  to  be  inconsistent  with  the  nature 
of  motion  and  of  time.  This  argument 
from  breach  of  continuity  is  due  to  Leib- 
nitz. Conversion  into  heat  motion  is  ex- 
cluded, heat  being  a  mode  of  motion  of 
the  entire  atom.  Moreover,  the  destroyed 
motion  has  to  be  recreated  instantaneous- 
ly in  new  directions,  for  destruction  of 
energy  cannot  be  postulated.  This  geo- 
metrically angular  motion  is  also  unknown 
to  experience,  for  all  deflected  bodies  pass 
by  continuity  from  motion  in  one  direc- 
tion into  a  new  direction,  and  so  far  as 
we  can  see,  must  do  so.  These  discon 
tinuities  in  translatory  relations  are  there- 
fore put  aside,  not  because  they  are  in- 
conceivable, but  as  illogical  and  non-ex- 
periential. Simple  repulsions  by  contact 
without  occult  intervention  is  a  false  sug- 
gestion, and  we  find  that  we  get  the 
pseudo-conception  from  our  false  obser- 
vation of  what  occurs  in  the  collision  of 
sensible  masses,  somewhat  as  we  make  a 
false  observation  and  generalization  about 
material  continuity,  or  about  tension, 
from  a  superficial  perception  of  matter ; 
thus  creating  concepts  from  supposed  ex- 
perience which  can  have  no  true  objective 
counterparts.  I  shall  recur  later  to  a 
possible  derivative  basis  for  repulsion. 

It  is  remarkable'  that  to  Newton  we 
owe  the  final  establishment  of  the  major- 
ity of  those  fundamental  and  universal 
truths  which  by  simplicity  and  generality 
seem  to  touch  the  absolute ;  that  is,  more 
than  to  any  and  all  other  philosophers 
combined.  Thus,  of  the  six  ultimate 
generalizations,  four  were  formulated  and 
placed  on  an  impregnable  basis  by  New- 
ton: the  three  laws  of  motion  and  the 


law  of  gravitation.  All  of  these  were 
inconceivable  when  first  promulgated, 
were  hotly  controverted  on  the  meta- 
physical plan,  were  finally  established 
experientially,  and  are  now  generally  ac- 
cepted as  axiomatic  by  the  modern  mind, 
except  for  sporadic  reversions  which  ap- 
pear now  and  then  to  deny  their  actuality 
and  reassert  their  inconceivability.  The 
remaining  two  universal  inductions  are 
the  collective  group  of  axioms  formulat- 
ing the  relations  of  extension — the  only 
enduring  remnant  of  the  Greek  philoso- 
phy— and  the  law  of  the  conservation 
and  unity  of  energy,  unperceived  in  New- 
ton's time  in*its  generality,  though  taught 
as  a  dogma  by  the  Cartesians.  These 
also  are  still  held  to  be  inconceivable  by 
certain  disciples  of  metaphysical  methods 
and  axiomatic  by  others.  Such  mental 
attitudes  should  lead  us  to  believe  that 
simplicity  has  been  arrived  at  in  all  these 
cases  and  the  boundaries  of  explainable 
knowledge  reached,  where  inconceivabil- 
ity necessarily  begins. 

It  has  been  said  that  paradox  is  born 
either  of  confusion  of  thought,  or  of 
knowledge,  or  confusion  of  statement 
arising  out  of  the  imperfection  or  subtle- 
ty of  the  verbal  vehicle  of  thought. 
Thus,  as  Clerk-Maxwell  points  out,  the 
celebrated  arguments  of  Zeno  of  Elea, 
establishing  the  inconceivability  of  mo- 
tion, represented  in  the  paradox  of  Achil- 
les and  the  tortoise,  were  unanswerable 
and  unanswered  until  Aristotle  showed, 
some  half-century  later,  that  duration  is 
continuous  and  incommensurable  by  nu- 
merical methods  in  the  same  sense  that 
extension  is.  The  old  logical  dilemma  of 
the  irresistible  force  encountering  the 
immovable  body  was  insoluble  to  the 
Greek  mind,  both  from  lack  of  physical 
knowledge  and  lack  of  verbal  clearness 
of  statement.  The  acute  sophist  knew 
not  the  nature  of  force,  the  constitution 
of  bodies,  the  conservation,  transforma- 
tion, and  dissipation  of  energy,  and  con- 
sequently knew  not  the  refuge  and  escape 
from  the  dilemma  contained  in  the  per- 
ception ,pf  the  conversion  of  molar  energy 
into  heat  energy,  expansion,  and  dissipa- 
tion. The  resources  of  verbal  subtlety 
and  of  inner  consciousness  failed,  as  they 
always  do.  Something  of  the  same  diffi- 
culty remains  in  modern  problems,  where 
observation  and  strict  verification  are, 
from  the  nature  of  the  problem,  inappli- 
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cable,  or  where  the  confusion  arises  from 
the  still-existing  imperfection  of  language, 
or,  again,  where  generalizations,  both 
clearly  made  out  and  clearly  formulated, 
have  not  passed  into  the  instinctive  popu- 
lar apprehension.  The  modern  dilemma 
of  the  inconceivability  of  infinite  or  finite 
space  is,  I  take  it,  due  to  the  metaphysi- 
cal form  of  the  statement.  For  when  we 
reflect  that  the  ideas  of  immensity  and 
of  infinitesimal  resolvability  are  but  ab- 
stract generalizations  of  the  merely  rela- 
tive continuities,  extension,  distance,  and 
dimension,  which  are  in  their  turn  but 
abstractions  of  the  sense-perceptions, 
form,  translation,  and  volume,  the  state- 
ment becomes  intelligible  and  entirely 
conceivable,  and  I  think,  though,  with 
deference,  saves  geometry ;  that  is,  the 
universality  of  that  system  of  inductive 
postulates  regarding  the  relations  of  ex- 
tension and  inferences  therefrom,  known 
as  geometry  to  the  Greek  philosophy,  but 
now  named  Euclidean  by  certain  analysts 
whose  so-called  geometry  is  symbolic. 
Geometry  is  therefore  able  to  deal  with 
all  aspects  of  extension,  without  regard 
to  limit,  in  spite  of  some  infirmity  in  the 
Greek  methed,  for  scale  cannot  affect  the 
generality  of  extension  relations,  and  ab- 
stract unconditioned  space  is  not  an  en- 
tity, but  a  mere  negation,  concerning 
which  relative  propositions  are  unintelli- 
gible. A  false  philosophy  regarding  space 
is  at  the  root  of  all  modern  heresies  con- 
cerning geometry  and  mensuration, 
founded  in  misapprehension  of  the  Eu- 
clidean inductions  or  generalizations.* 

The  first  law  of  motion  is  but  the  for- 
mulated recognition  of  inertia,  which  is 
only  manifest  in  conjunction  with  motion, 
actively  or  passively.  It  was  known  to 
Galileo,  and  laid  down  by  Descartes  as  a 


*  There  are  two  opposite  though  similar  forms  of 
error  in  the  assumptions  regarding  space.  The  first 
is  that  space  is  a  specific  or  perhaps  generic  entity  or 
objectivity  per  se,  possessed  of  conditions  and  attri- 
butes, like  substance,  such  as  dimension  (in  several), 
differentia  in  locality,  figure,  as  curvature,  etc.  (hence 
necessarily  finite),  and  only  uncognizable  by  us  simply 
for  lack  of  perceptive  faculties  to  correspond.  This 
is  the  fundamental  error,  as  it  seems  to  me,  of  Eiemann 
and  Lobatschewsky.  The  second  is  that  of  the  older 
Cartesians,  who  viewed  space  as  but  the  mere  attri- 
bute or  synonym  of  substance,  and  inconceivable 
apart  from  it,  so  that  bodies  separated  by  void  space 
would  be  absolutely  in  contact  without  regard  to  dis- 
tance. Both  of  these  speculations  are  purely  meta- 
physical, and  non-experiential,  the  latter  resulting 
from  the  old  scholastic  method  of  syllogistic  deduc- 
tion from  primary  postulates  of  verbal  definition,  and 
the  former  from  similar  inferences  from  the  forms  of 
the  analytical  logic  of  symbols,  the  use  of  which  is 
still  in  the  scholastic  stage.  Like  Zeno's  paradox, 
these  merely  intellectual  difficulties  should  be  remov- 
able by  intellectual  processes. 


law  in  his  "  Principia."  It  is  a  cosmical 
truth,  bound  up  with  the  absolute  nature 
of  mass  and  the  true  relations  of  exten- 
sion, which  correlates  the  whole  fabric  of 
dynamical  knowledge  with  rectilinear 
geometry,  curvilinear  motion  being  de- 
monstrably not  a  simple  state  of  conser- 
vation under  inertia,  but  a  resultant  of 
multiple  forces.  The  simple  action  of 
mass  under  the  first  law  of  motion,  if 
undisturbed,  furnishes  the  absolute  un- 
returning  rectilineal  path  which  over- 
throws all  speculation  about  possible 
ideal  spaces.  I  here  recall  a  book  writ- 
ten by  a  learned  American  of  Philadel- 
phia— learned,  that  is,  according  to  the 
medieval  standard  of  the  colleges — and 
published  only  during  the  past  year,  en- 
titled "An  Examination  of  the  Philoso- 
phy of  the  Unknowable,  as  expounded  by 
Herbert  Spencer,"  wherein  he  naively 
lays  down  the  first  law  of  motion  as  un- 
intelligible except  by  appulsion.  Motion, 
he  says,  in  the  absence  of  propulsion  is 
inconceivable.  I  have  no  space  here  to 
reproduce  the  explanation  evolved  out  of 
consciousness  by  this  reasoner  to  account 
for  the  action  of  a  ball  struck  by  a  bat 
after  leaving  the  bat.  It  resembles  in 
ingenuity  and  gratuity  some  of  the  in- 
ventions devised  to  explain  gravity.  The 
notable  thiDg  about  it  is  that  here,  at 
this  date,  is  a  mind  of  good  caliber,  in- 
formed in  the  higher  schools  of  learning, 
which  is  still  of  the  mental  period  of 
Aristotle ;  a  mind  which  has  evidently 
never  apprehended  inertia,  nor  heard  of 
the  great  contributions  to  knowledge 
made  by  Galileo  and  Newton,  by  which 
philosophy  was  entirely  revolutionized. 

The  second  law  of  motion,  regarding 
the  independence  and  coexistence  of  mo- 
tions, on  which  we  occasionally  see  com- 
ments in  the  metaphysical  vein  contro- 
verting its  possibility,  has  long  been  es- 
tablished experientially.  Its  early  experi- 
mental proof  is  attributed  to  Galileo.  Yet 
I  recall  a  pamphlet  written  and  published 
only  during  the  last  year  by  a  learned 
German  at  Leipzig,  the  theme  of  which 
was  that  "  the  sun  changes  its  position  in 
space,  therefore  it  cannot  be  regarded  as 
being  in  a  condition  of  rest.''  This,  he 
concludes,  overthrows  the  entire  fabric  of 
Copernicus,  because  the  planetary  orbits 
in  such  case  cannot  be  closed. 

The  third  law  of  motion  is  but  formu- 
lated reciprocal  stress,  in  its  modes  of 
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compulsion  and  repulsion,  through  which 
mass  acts  on  mass  to  redistribute  motiou 
by  what  appears  to  be  necessary  law. 
The  stress  is  necessarily  reciprocal,  since 
there  is  no  point  cV  dppui,  or  fixed  ful- 
crum in  the  universe. 

We  have  thus  been  brought  to  the 
boundary  of  the  absolute,  where  all  is  in- 
conceivable until  found  out,  and  where 
the  simple  data  are  unexplainable.  All 
examination  seems  to  continue  to  point 
to  mass  and  weight  as  the  ineffable  simple 
insignia  of  substance  standing  on  this 
limit.  We  must  accept  something  as  ele- 
mentary fact;  what  shall  we  find  more 
elementary  ?  Repulsion  is  still  debatable ; 
for,  if  we  make  an  issue  between  repul- 
sion and  compulsion  as  contradictory  pri- 
mary attributes  of  the  same  essence,  or 
untenable  in  conjunction  for  artificiality, 
by  far  the  greater  difficulties  attach  to 
the  former,  some  of  which  I  have  already 
alluded  to.  The  profound  mind  of  Bos- 
covich  was  forced  to  accept  repulsion  as  a 
primal  quality,  but  in  deference  to  the 
physical  hypotheses  of  his  time,  he  over- 
loaded it  with  complication.  This  has 
been  weighed  in  the  balance  of  the  phil- 
osophical judgment  and  found  wanting. 
I  have  intimated  that  there  are  possible 
grounds  for  surmising  that  it  may  not  be 
a  simple  property  of  the  atom,  but  a  mere 
mode  of  distribution  of  energy  dependent 
on  composition  of  motion  of  atomic  mass 
a^ter  change  of  sign,  i.  e.,  a  mode  of  vis 
impressa  after  exhaustion  of  the  space  re- 
lation ;  for,  mathematically,  the  hyperbolic 
lines  of  approach  and  recession  of  two 
atoms  under  high  proper  motion  charac- 
teristic of  the  atom,  and  on  lines  not  di- 
rectly central,  would  be  similar,  at  sensi- 
ble distances,  in  their  asymtotes  (which 
would  be  the  practical  paths),  whether  the 
deflection  were  due  to  attractive  or  re- 
pulsive stress,  though  acceleration  and 
retardation  at  the  passage  of  the  infini- 
tesimal focus  would  be  inverted. 

It  therefore  seems  to  me  immaterial  to 
result  which  of  the  two  modes  of  passing 
the  infinitesimal  focus  is  the  true  one.  In 
either  case  the  distance  at  passage  is  in- 
finitesimal, and  the  force  may  be  as  near 
infinity  as  the  facts  require  it  to  be  as- 
signed. The  normal  or  rectilineal  en- 
counter is  here  excluded  from  supposition. 
In  that  case,  under  repulsive  stress,  as 
postulated  by  Boscovich,  the  recoil  would 
be  rectilineal  and  opposite,  without  breach 


of  continuity.  Under  attractive  stress, 
with  finite  volume  of  the  atomic  mass, 
penetration  would  ensue  as  before  shown  ; 
but  without  dimension  or  repulsion  we 
have  an  insoluble  condition,  although  the 
occurrence  would  be  infinitely  rare.  Only 
one  pair  of  elements  is  here  considered. 
In  all  real  encounters,  whether  of  masses 
or  molecules,  the  effect  is  a  vast  resultant, 
but  should  not  be  different  in  kind  from 
that  of  the  elements  ;  that  is  hyperbolic 
or  expansive  between  alien  systems  under 
motion.  As  the  number  of  elements  or- 
dinarily engaged  could  not  be  represented 
by  any  numerical  places  of  arabic  notation 
for  which  we  have  names,  we  see  the  hope- 
lessness of  stating  the  problem  mathe- 
matically. I  therefore  do  not  presume  to 
offer  this  as  an  explanation  of  repulsion, 
and  I  confess  that  to  me  repulsion  is  in 
its  mechanism  incomprehensible.  We 
know  the  result  experimentally,  and  that 
is  resistance  to  penetration,  and  reaction 
at  insensible  distances  on  an  undefined 
boundary  which  begins  prior  to  contact 
and  increases  in  a  high  exponential  ratio 
as  approximation  progresses.  The  con- 
tact boundary  of  any  solid — even  the 
smoothest  and  hardest — resembles  the 
astronomical  limb  of  Jupiter  is  geomet- 
rical indefiniteness.  The  contact  trans- 
mitter in  the  telephone,  the  whole  range 
of  whose  phenomena  occurs  under  press- 
ure and  so-called  contact  of  varying  de- 
grees, illustrates  how  relative  a  thing  is 
contact.  Under  high  velocities  the  dis- 
tinction between  solids,  liquids,  and  even 
aeriform  bodies  entirely  disappears  in  re- 
pect  to  repulsive  reaction,  though  this  is 
the  most  sensible  distinction  between 
them  under  low  velocities. 

We  may,  therefore,  adopt  the  conclu- 
sion that  if  any  of  the  apparently  simple 
properties  of  the  atom  are  to  be  thrown 
out  as  derivative  and  secondary,  presump- 
tion points  to  repulsion  as  the  complex 
one.  We  could  possibly  account  for  phe- 
nomena in  a  universe  bound  together  by 
purely  tensile  stress,  but  most  of  the  sen- 
sible phenomena  of  solids — cohesion,  af- 
finity, tenacity,  etc.,  including  nearly  all  of 
statics — remain  hopelessly  unattackable 
problems  under  a  hypothesis  of  pure  re- 
pulsion, like  that  of  Le  Sage,  or  Preston. 
It  is  to  be  noted  that  the  kinetists  who 
freely  postulate  repulsion  and  appulsion, 
without  analysis,  as  a  primordial  fact,  but 
relect  against  compulsion  or  tension,  are 
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forced  to  the  invention  of  the  most  com- 
plicated and  gratuitous  mechanism  and 
media  to  explain  the  phenomena  of  grav- 
ity, and  then  without  attainment  of  result. 
Le  Sage's  atom  is  too  complicated,  even 
without  his  suppositious  or  extra  mun- 
dane operative  machinery ;  and  the  vor- 
tex atom  is  but  a  mere  analytical  expres- 
sion for  an  unproducible  condition  in  a 
figmentary  mathematical  plenum. 

The  thesis  that  conservation  is  the 
characteristic  by  which  we  identify  objec- 
tive existence  will  riot  bear  the  test  of  ex- 
amination. It  is  only  in  the  most  recent 
times  that  such  a  quality  has  been  known 
or  imagined,  and  its  establishment,  both 
as  to  matter  and  energy,  is  justly  viewed 
as  the  triumph  of  modern  philosophy. 
The  evocation  of  matter  from  nothing 
and  its  relegation  to  nothing,  even  by 
the  finite  will  of  a  wizard,  was  ever  a  com- 
mon and  universal  notion,  which  did  not 
at  all  impair  the  belief  in  its  present  real- 
ity and  substantiality.  We  have  only  to 
go  to  Apuleius  for  this,  and  it  is  doubtful 
if  even  now  the  notion  of  the  indestructi- 
bility of  matter  is  anything  but  a  scienti- 
fic conviction,  for  do  we  not  see  numbers 
of  our  contemporary  fellow-citizens  meet- 
ing together  frequently  in  our  midst  to 
witness  feats  of  materialization  out  of 
nonentity  by  powers  akin  to  those  of  the 
sorcerer,  without  an  idea  of  incongruity  ? 
Nor  has  the  essentially  modern  doctrine 
of  the  conservation  of  energy  anything 
to  do  with  the  belief  in  its  reality.  Few 
people  apprehend  it  even  now.  No  phil- 
osopher understood  it  a  hundred  years 
ago.  Its  verity  rests  on  a  sufficiently 
general  inductive  basis,  from  the  refined 
and  exhaustive  experiments  of  Joule,  and 
the  theoretical  conclusions  of  Mayer  and 
Ciausius,  and  it  is  accepted  in  the  same 
sense  that  the  law  of  gravitation  is  ac- 
cepted. But  the  duality  of  matter  and 
energy  to  the  exclusion  of  force  is  a  verbal 
shift,  the  assumption  of  which  removes 
no  difficulty.  Matter,  the  object,  remains 
unexplained;  and  energy,  the  phenom- 
enon, becomes  segregated  and  unintel- 
ligible. Energy,  in  fact,  is  but  mass  in 
phenomenal  manifestation,  being  a  prod- 
uct of  triple  factors,  two  of  which — trans- 
lation and  speed — are  not  things,  but 
variable  and  evanescent  conditions,  and, 
taken  together,  constitute  motion.  Mass 
is  the  absolute  or  persistent  factor,  but 
the  evanescent  character  of  the  variable 


component — motion — would  render  the 
entire  phenomenon — energy  apparitional, 
were  it  not  for  the  distance  relation  in- 
volved in  motion,  which,  under  the  same 
inscrutable  agency  which  modifies  and 
saps  the  motion,  renders  it  potential  up- 
on change  of  sign.  This  agency,  the  dy- 
namical source  of  the  manifestation,  being 
central  to  mass  and  likewise  pesistent  and 
constant,  renders  the  positive  and  nega- 
tive potentialities  of  movement  constantly 
equal,  and  the  actual  and  potential  ener- 
gies consequently  complimentary,  from 
which  energy  gets  its  character  of  conser- 
vation. 

Energy  cannot  therefore  be  that  other 
reality  of  existence  (besides  matter), 
since  force  is  clearly  the  one  reality  at 
the  bottom  of  the  manifestation  of  both, 
to  whose  persistence  and  resistance  to 
change,  except  through  tranformation, 
the  conservation  of  both  is  due.  This 
one  reality  is,  in  its  triple  aspect  of 
causation,  ( 1 )  attraction — the  source  and 
modifier  of  motion  ;  (2)  inertia — the  con- 
server  of  motion  ;  and  (3)  repulsion — the 
distributor  of  motion  ;  or,  more  correctly, 
in  its  aspect  of  quality:  (1)  viscentripeta 
— the  power  of  mutual  control  across 
distance;  (2)  vis  insita — the  power  of 
persistence  in  state  of  motion  impressed ; 
and  (3)  the  distributive  power  of  impart- 
ing and  acquiring  motion  by  transfer,  at 
minimum  distance,  which  may  be  called 
vis  partitiva,  the  result  of  which  is  New- 
ton's vis  impressa.  Matter  thus  comes 
into  the  world  of  phenomena  by  the 
simple  presence  of  other  matter,  permit- 
ting the  exhibition  of  these  comparisons 
and  interactions,  involving  the  conditions 
of  contiguity,  distance,  position,  transla- 
tion, direction,  succession  or  sequence, 
and  time-rate  for  the  continuous  incre- 
ments, decrements,  successions,  and  uni- 
formities, all  bound  up  in  the  compound 
variable  continuity — motion.  With  mo- 
tion and  distance  comes  the  dependent 
phenomenon — energy — active  and  poten- 
tial, which  should  be  a  constant,  the  nu- 
merical units  of  mass  being  constant 
throughout  immensity,  provided  th"  sum 
of  the  motions,  potential  and  actual,  be 
constant.  This  the  dynamical  theory 
deduces  from  the  fact  of  central  force 
I  (for  without  force  potential  motion  is 
ridiculous),  and  the  thesis  of  the  con- 
i  servation  of  energy  is  a  dynamical  truth 
i  or  nothing.     It  is  therefore  all  the  more 
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extraordinary  that  certain  kinetists,  who 
reluct  against  central  force,  should  have 
selected,  out  of  all  the  manifestations  of 
the  universe,  the  variable  and  conditional 
product — energ}^ — to  be  the  one  reality 
or  objectivity,  aside  from  the  undefined 
hypostasis — matter — as  a  primordial  sim- 
ple fact  at  the  basis  of  phenomena.  It 
has  been  mathematically  demonstrated 
by  Mr.  Walter  K.  Browne  that  the  con- 
servation of  energy  is  true  if  the  material 
system  is  a  system  of  central  forces,  and 
is  not  true  if  the  system  is  anything  but 
a  system  of  central  forces.  In  fact,  the 
ordinary  theoretical  proof  of  the  princi- 
ple of  the  conservation  of  energy  as- 
sumes the  forces  acting  to  be  central 
forces,  i.e.,  reciprocal  stresses  between 
units  of  mass,  as  recognized  by  Clausius  in 
his  "Mechanical  Theory  of  Heat."  More- 
over, the  entire  body  of  kinetists,  who 
have  aimed  to  supersede  gravity  or  cen 
tral  force,  have  freely  assumed  an  extra- 
mundane  supply  of  motion  and  energy 
without  regard  to  conservation,  and  it  is 
notable  that  every  hypothesis  for  this 
purpose  yet  broached  involves  the  con- 
stant expenditure  of  work  without  recov- 
ery, and  postulates  the  accession  of  en- 
ergy in  infinite  influx  from  some  occult 
source,  of  which  only  a  small  portion 
relatively  is  available  or  manifest  in  ob- 
servable phenomena,  thus  violating  all 
three  of  the  canons  of  philosphical  ascrip- 
tion— true  cause,  sufficient  cause,  and 
least  cause.  Such  is  the  power  of  con- 
ception of  the  unknown  in  endeavor  to 
explain  the  inconceivable  known. 

If  the  dynamic  hypothesis  of  perpetual 
transformation  of  energy  could  be  estab- 
lished as  a  universal  induction,  with  as 
much  generality  e.  g.,  as  the  statement  of 
the  law  of  gravitation,  it  would  establish 
and  confirm  that  law,  by  Mr.  Browne's 
demonstration,  as  something  more  than 
a  law,  to  wit,  the  necessary  constitution 
of  matter  as  a  system  of  central  forces 
and  nothing  more,  substantially  as  con- 
ceived by  Newton  and  elaborated  by  Bos- 
covich.  At  present  it  is  but  a  dynamic 
induction,  but  the  theory  of  gravity  is  no 
more.  Our  appliances  are  material,  and 
we  can  deal  with  molar  forces,  but  only 
indirectly  and  ■  inferentially  with  those 
which  are  atomic  Conservation  is  in- 
dubitably true  of  energy  in  the  mechani- 
cal and  molar  sense,  under  the  laws  of 
dynamics  and  the  persistence  of   force. 


It  is,  also,  experimentally  true,  so  far  as 
we  can  trace  it,  of  those  less  understood 
forms  of  energy  which  are  molecular  or 
atomic,  the  establishment  of  which  was 
the  great  glory  of  Benjamin  Thompson, 
Clausius,  and  Joule  as  to  heat,  and  of  a 
multitude  of  observers  as  to  electrical 
energy.  We  infer  it  as  a  general  truth 
of  these  energies  (formerly  known  as  im- 
ponderables, since  they  are  not  manifesta- 
tions of  matter  in  the  concrete),  from  the 
fact  of  their  convertibility  with  other 
modes  of  energy  which  are  undoubtedly 
dynamical,  and  also  from  the  intimate 
connection  of  electrical  energy  with  one 
of  the  specific  exhibitions  of  central 
atomic  force — magnetism.  Such  clews 
create  a  warrantable  presumption  that 
the  phenomena  in  question  will  all  ulti- 
mately be  classified  among  the  modes  of 
atomic  mass  and  motion,  inductively  as 
well  as  hypo  the  tically.  Possibly  in  the 
investigation  of  these  evanescent  modes 
of  energy  the  missing  simple  particle 
may  come  to  light.  Provisionally,  we 
are  entitled  to  rank  them  among  the  me- 
chanical modes  of  energy,  as  products  of 
the  same  material  forces,  assuming,  until 
the  contrary  is  proved,  that  some  form  of 
matter  is  concerned  in  manifestations  so 
correlated  by  conservation  with  undoubt- 
ed material  activities. 

In  including  the  imponderables  within 
the  general  dynamical  law  of  conserva- 
tion, we  have  to  take  account  of  the 
phenomenon  of  dissipation,  first  pointed 
out  by  Sir  William  Thomson.  It  is  true 
that  heat  (as  well  as  electrical  energy)  is 
strictly  correlated  with  and  interconvert- 
ible with  energy  of  mass  motion,  as  be- 
fore stated,  but  in  its  final  form  energy 
seems  to  take  leave  of  matter  altogether, 
so  far  as  our  perceptions  can  follow  it, 
and  disappear  as  a  material  phenomenon 
(though  liable  to  reappear  wherever  mat- 
ter is  encountered  whose  particles  are 
deficient  in  a  like  species  of  atomic  mo- 
tion with  that  which  disappeared ;  which 
fact  indicates  that  atomic  mass  is  still  a 
factor,  with  its  inherent  property  of  per- 
sistence and  transference).  The  earth 
and  all  upon  it  is  radiating  heat  energy 
away  into  space  at  the  constant  rate  of 
500°  F.  of  absolute  temperature,  more  or 
less ;  the  sun  and  the  visible  stars  at  the 
rate  of  many  millions  of  degrees.  Much 
energy  also  passes  off  in  the  luminous 
form.     Of  electrical  and  actinic  energies 
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we  know  less,  and  of  some  we  doubtless 
know  nothing.  This  amounts  to  a  con- 
stant drain  of  the  dynamical  supply  of  ener- 
gy. These  final  forms,  the  radiant  energies, 
have  a  remarkable  specific  high  cosmical 
velocity  of  their  own,  which  is  a  function 
of  something  not  material,  or  at  least  not 
molar.  It  is  supposable  that,  in  addition 
to  the  dynamical  source  of  motion  from 
central  forces,  and  the  contraction  of 
systems  in  dimension  which  supplies  dis- 
sipation, there  may  be  an  inherent  and 
primordial  store  of  atomic  motion.  The 
high  proper  motion  of  some  of  the  stars, 
beyond  what  can  be  accounted  for  on 
dynamical  principles,  and  the  inexhausti- 
ble and  enormous  supply  of  radiant  en- 
ergy from  the  visible  stars,  have  afforded 
grounds  for  such  a  surmise,  but  these 
speculations  do  not  belong  to  the  domain 
of  mechanics. 

And  here  we  must  bear  in  mind  that 
the  dynamical  theory,  in  placing  these 
assumed  agencies  and  modes  of  interac- 
tion in  causal  relation  to  phenomenal  mo- 
tion, by  no  means  predicates  or  can  predi- 
cate anything  concerning  absolute  motion 
or  its  cause.  The  lack  of  this  distinction 
may  have  proved  a  stumbling  block  to 
some  in  comprehending  the  idea  of  force. 
Were  it  not  for  the  observed  dissipation 
of  energy  no  system  could  become  con- 
tracted in  dimensions  a  particle  by  the  in- 
teractions of  material  forces,  nor  is  there 
now  any  known  way  by  which  the  mate- 
rial system  can  be  expanded  in  dimen- 
sions except  by  the  accession  of  motion 
from  extra-mundane  sources,  which  there 
is  no  scientific  mode  of  ascertaining.  The 
sum  of  motions  under  the  action  of  forces 
remains  the  same,  and  any  change  would 
imply  creation  or  annihilation,  which  is 
not  ascribable  to  a  material  agency. 
Primordial  dimension  remains  as  inscrut- 
able a  fact  as  ever,  and  primordial  motion 
an  unsolved  problem. 

In  conclusion,  I  know  nothing  of  force 
except  as  a  manifestation  of  matter,  and 
nothing  of  matter  except  through  its 
manifestations.  It  is  substance  that  in- 
teracts with  substance,  so  far  as  we  know, 
always  reciprocally,  and  force  is  but  the 
convenient  translation  of  the  terminology 
invented  by  Newton  to  designate  these 
several  species  or  modes  of  action,  in  the 
word  vis,  with  its  appropriate  adjective. 
He  was  arraigned  by  the  Cartesians  (and 
virtually  is  by  their  modern  representa- 


tives) as  the  reintroducer  of  occult  quali- 
ties into  philosophy,  but  his  statement 
was  "hypotheses  non  jingo"  and  to  a 
similar  charge  brought  against  him  by 
Leibnitz  he  pertinently  replied  that  it 
was  a  misuse  of  words  to  call  those  things 
occult  qualities  whose  causes  are  occult 
though  the  qualities  themselves  be  mani- 
fest. 

I  have  adopted  gravity  as  the  type  of 
central  inherent  force — vis  centripeta — 
— but  I  would  not  thereby  be  understood 
as  excluding  from  the  category  of  mate- 
rial forces  any  and  all  other  modes  of 
tensile  or  constraining  force  which  may 
be  hereafter  made  out  as  specific,  by  the 
elucidation  of  such  phenomena  as  affinity, 
cohesion,  tenacity,  elasticity,  ductility, 
viscosity,  capillarity,  polarity,  magnetism, 
etc.,  now  so  little  understood,  any  more 
than  I  would  exclude  any  form  or  mode 
of  energy  which  may  be  observed,  from 
the  category  of  material  phenomena. 
The  Newtonian  doctrine  of  force  would 
not  be  impaired  by  such  discovery,  and 
its  strength  lies  in  the  fact  that  it  as 
readily  includes  static  phenomena — that 
despair  of  the  kinetist,  who  has  no  im- 
I  aginable  hypothesis  by  which  to  range 
them  under  a  form  of  motion — as  it  does 
kinematical  phenomena.  Statical  force 
\  (Newton's  vis  mortua)  cannot  be  ignored 
in  a  theory  of  force.  The  straw  that 
breaks  the  camel's  back — the  very  light- 
|  ning  that  crashes  through  the  sky — are 
!  familiar  examples  of  its  power  made 
'  manifest.  Its  reality  may  be  exemplified 
j  by  suspending  two  heavy  balls  of  equal 
weight  at  equal  heights — one  by  an  elas- 
tic cord,  and  the  other  by  a  tense  string. 
The  difference  of  effort  required  to  dis- 
1  place  the  two  vertically  upwards,  which 
:  can  be  measured,  makes  sensible  the  dif- 
ference between  the  two  forms  of  bal- 
anced statical  forces.  In  the  one  case 
the  antagonizing  force  is  suddenly  with- 
drawn, and  in  the  other  gradually.  Wher- 
ever strain  exists — and  it  is  everywhere — 
there  force  is  as  certainly  present  as  when 
it  becomes  manifested  in  a  stress  relieved 
by  motion  and  measurable  in  terms  of 
energy. 

Let  us,  then,  give  up  the  standard  of  a 
priori  conceivability,  in  view  of  its  many 
historical  failures,  and  adopt  as  possible 
that  which  is  provisionally  ascertained. 
The  "  ego  "  and  the  "  cogito  " — Cartesian 
starting  points — have  proved  barren  and 
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irrelevant  in  philosophy.  True  philoso- 
phy is  concerned  with  objectivity.  The 
data  of  consciousness,  mainly  acquired  in 
infancy  or  in  the  womb,  are  blind  guides. 
Many  an  ego,  whose  brain  was  his  cos- 
mos, has  run  through  his  brief  subjectiv- 
ity, but  the  order  of  nature  endures. 
The  same  facts  are  continually  observed, 
verified,  recorded,  and  rectified,  but  the 
observers  change.  Their  intelligent  ob- 
servations add  to  the  sum  of  knowledge. 
This  is  all  the  proof  we  need  of  objectiv- 
ity, and  all  we  will  get.  The  insoluble 
difficulties  of  philosophy  have  disap- 
peared one  by  one  since  the  happy 
thought  of  eliminating  them  by  observa- 
tion entered.  The  immortals  are  those 
who  have  successfully  applied  this  meth- 
od. It  is  only  where  observation  fails 
that  insolubility  lingers.  Beyond  the 
sphere  of  the  knowable  it  will  continue, 
in  spite  of  introspection.  How  masterful 
is  fact  in  the  presence  of  the  most  intri- 
cate mental  subtleties.  The  ball  leaves 
the  bat,  in  spite  of  the  inconceivability. 
Galileo's  plummet  dropped  from  the 
moving  mast  strikes  the  deck  and  not  the 
water,  in  spite  of  the  inconceivability. 
The  Earth  returns  in  its  orbit,  to  the 
second,  in  spite  of  the  sun's  rapid  fall 
through  space,  and  of  the  inconceivabil- 
ity. Two  opposed  horses  can  pull  no  more 
than  one,  in  spite  of  the  inconceivability. 
The  guinea  and  the  feather  dropped  in 
the  exhausted  receiver  strike  the  plate 
together,  in  spite  of  the  inconceivabil- 
ity. The  isochronous  pendulum  swings 
through  the  widest  arc  in  the  same  time 
as  through  the  smallest,  in  spite  of  the 
inconceivability.  The  minute  hand  over- 
takes the  hour  hand,  in  spite  of  the  in- 
conceivability. The  magnet  draws  the 
iron  with  undiminished  force  through  all 
possible  interpositions,  in  spite  of  the 
inconceivability.  Could  an  exception  be 
found,  the  perpetual-motion  "crank" 
would  work  a  greater  inconceivability,  by 
the  instant  contrivance  of  a  power-gener- 
ating machine. 

We  need  not  aspire,  therefore,  to  re- 
move any  of  the  inconceivabilities  of  the 
external  world.  We  must  accept  them  as 
natural  to  the  finite  comprehension,  as 
necessary  to  faculties  which  act  by  com- 
parison, and  above  all  as  evidences  of  ob- 
jectivity. On  the  other  hand  we  should 
avoid  that  opposite  error  of  the  intro- 
spective school,  of   deeming   that  prob- 


able, or  in  any  way  connected  with 
fact,  which  merely  seems  conceivable.  I 
have  shown  that  while  the  simplest 
truths  have  generally  proved  inconceiv- 
able until  found  out  and  established 
by  genius,  the  greatest  absurdities  have 
had  ready  currency  without  a  doubt 
of  their  conceivability.  This  all  mythol- 
ogy shows.  Such  rubbish  as  "a  thing 
cannot  act  where  it  is  not,"  and  '  a  body 
cannot  move  where  it  is  not,"  or  "  a  cause 
cannot  precede  in  its  effect '' — mere  meta- 
physical assertions  or  subtleties  in  face 
of  every-day  fact — were  stumbling  blocks 
for  ages.  Such  assumptions  formed  the 
basis  of  deduction  in  lieu  of  observation, 
and  blocked  the  possibility  of  advance. 
And  even  yet,  rigid  deduction  from  the 
most  hare-brained  premise,  if  the  chain  of 
deduction  is  sufficiently  intricate,  seems 
to  possess  fascinations  over  a  verifiable 
induction,  with  many  minds. 

And  now,  if  any  ask,  u  cut  bo?io,v  to  the 
scientist  these  philosophical  inquiries  and 
intricacies,  when  he  has  the  vast  field  of 
unexplored  data  still  before  him  to  occu- 
py him,  I  answer,  the  queries  of  philos- 
ophy are  not  only  the  main-spring  and 
final  cause  of  science  (her  first  fruitful 
daughter  and  handmaid),  but  they  con- 
ciously,  or  unconciously,  dominate  the 
methods  and  results  of  science  herself. 
Each  investigator,  even  though  in  the 
domain  of  the  most .  abstract  of  the  sci- 
ences, postulates  more  philosophy  than 
he  is  aware  of;  and  with  so  much  the 
more  danger  to  final  accomplishment  if 
he  assumes  his  philosophical  basis  with- 
out examination.  It  is  the  errors  of  giant 
minds  that  are  dangerous,  by  their  pon- 
derosity. The  infallibility  of  the  master, 
Aristotle,  seemed  to  make  investigation 
useless,  until  the  rise  of  parallel  giants, 
like  Galileo,  and  Copernicus,  stimulated 
a  new  conflict  of  opinion.  And  Descartes, 
though  harmless  from  all  his  productions 
within  the  metaphysical  domain,  is  dan- 
gerous by  his  very  eminence  and  origin- 
ality in  science)  which  gives  vogue  and 
currency  to  his  monumental  errors.  Al- 
though acquainted  with  the  true  law  of 
motion,  his  scheme  of  matter  evolved 
from  conciousness  would  forbid  all  exhi- 
bition thereof.  A  grand  geometer,  he 
erected  a  scaffold  for  scaling  immensity, 
and  with  unparalleled  penetration  per- 
ceived how  a  purely  ideal  logic,  if  general, 
would   represent  truth  in  a  wholly  dis- 
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similar  realm  of  deduction,  if  equally  gen- 
eral. Strange  to  say,  this  grand  and  use- 
ful discovery  has  become  the  engine,  in 
nihilistic  hands,  for  overthrowing  all 
the  positive  knowledge  we  possess — the 
achievements  of  two  thousand  years  of 
human  effort.  Not  only  geometry — all 
that  has  survived  to  us  of  philosophical 
value  from  the  antique  world — but  the 
basis  of  positive  dynamics,  as  handed 
down  from  Galileo  and  Newton,  and  Bos- 
covich  and  Dalton,  are  apparently  under- 
mined, for  all  that  gives  them  intellectual 
value  — their  certain tj — unless  an  effort 
be  made  in  the  neglected  field  of  philos- 
ophy. With  strange  inconsistency  these 
advocates  par  excellence  of  the  experiential 
origin  of  knowledge  are  found  in  the 
same  breath  promulgating  as  possible 
truth  matters  not  only  non-experiential, 
but  not   representable  in  ideas   derived 


from 


verifiable   by   experience,    and 


avowedly  originating,  not  from  inductive 
generalizations — the  only  source  of  knowl- 
edge— but  in  purely  deductive  processes 
in  the  old  scholastic  way,  from  logical 
premises  of  bald  assumption.  In  a  simi- 
lar way,  in  the  hands  of  the  Greek  sophist, 
language,  a  good  servant,  became  a  vi- 
cious master,  and  made  a  chaos  of  all 
ethical  achievement.    A  remnant  of  knowl- 


edge, fortunately  expressed,  not  in  verbal, 
but  diagrammatic  logic —geometry — was 
left,  but  only  to  fall  now  by  the  hands  of 
similar  iconoclasts,  armed  with  more  po- 
tent destructiveness,  in  its  full  flower  and 
fruit  of  twenty  centuries  of  unmolested 
growth. 

It  is  time,  therefore,  to  get  back  to 
Baconian  ground,  and  while  using  for  its 
legitimate  purposes  the  magnificent  mod- 
ern machinery  of  analytical  investiga- 
tion in  the  field  of  abstract  continuity — 
extension,  motion,  duration — not  attempt 
to  conjure  with  it  as  a  source  of  objective 
revelation,  which  no  mere  machinery  can 
be.  A  scaffold  of  n  dimensions  is  as  use- 
less to  the  geometer  as  to  the  architect. 
To  assume  matter  as  continuous,  simply 
because  of  the  possession  of  a  potent  en- 
gine for  the  investigation  of  continuities, 
is  to  repeat  the  practice  of  certain  quack 
specialists,  who  are  prone  to  diagnose 
nearly  every  f  orm  of  disease  as  a  variety  of 
their  own  peculiar  speciality.  And  to  in- 
terview the  symbols  of  a  mathematical 
logic  for  the  prime  definition  of  a  funda- 
mental objectivity,  like  force,  is  to  revert 
to  a  barren  source  of  knowledge,  by  an 
obsolete  process  in  philosophy,  and  bar 
all  progress  in  anything  but  abstract  tech- 
nique. 
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Mr.  W.  H.  Preece  said  he  happened  to 
be  a  member  of  the  Committee  of  the 
British  Association  which  had  succeeded 
in  establishing  a  system  of  electrical 
units  based  on  the  metrical  system,  and 
that  system  was  now  in  use  by  every  na- 
tion throughout  the  world,  so  that  elec- 
tricians in  every  country  could  speak 
amongst  themselves  in  a  language  under- 
stood by  all.  There  was  not  a  laborer  in 
any  electrical  engineering  establishment 
who  did  not  speak  in  accordance  with  a 
metric  system  which  was  completely 
understood.  The  advantages  of  the  met- 
ric system  were  not  to  be  met  by  ridi- 


cule. It  would  be  an  easy  thing  to  turn 
the  British  system  into  ridicule.  It 
might  be  said,  for  example,  that  English- 
men were  so  consistent  that  they  meas- 
ured the  depth  of  the  ocean  by  fathoms, 
and  the  height  of  mountains  by  feet ; 
they  measured  their  own  height  by  feet, 
and  the  height  of  their  horses  by  hands  ; 
they  measured  the  surface  of  the  land  in 
miles  of  1,760  yards,  and  the  surface  of 
the  sea  in  miles  of  2,025  yards ;  ale  and 
beer  were  measured  by  barrels,  kilder- 
kins, hogsheads,  pipes,  and  the  like  ;  they 
weighed  their  fuel  in  chaldrons,  tons,  or 
loads,  according  as  they  used  coke,   coal, 
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or  wood ;  then  there  was  Troy  weight, 
avoirdupois,  and  apothecaries'  weight, 
with  scruples,  ounces,  pounds,  and  so  on. 
But  ridicule  would  not  convert  any  one. 
The  only  valid  objection  raised  to  the 
decimal  system  was  that  it  could  not  be 
divided  by  one  third.  For  two  years  he 
had  been  trying  to  find  out  any  circum- 
stances that  had  necessitated  his  dividing 
by  one- third,  and  the  only  thing  that  had 
come  under  his  notice  -was  the  bill  of  his 
lawyer,  who  divided  the  pound  by  one-third 
and  charged  6s.  8d.  It  had  been  stated 
that  the  metric  system  was  invented  by 
the  French ;  but  with  reference  to  the 
decimal  system,  it  was  worth  knowing 
that  on  the  14th  of  November,  1783,  be- 
fore the  system  was  proposed  in  France, 
James  Watt  wrote  a  letter  to  Mr.  Kir  wan, 
in  which  he  fully  developed  a  decimal 
system  based  upon  the  pound.*  He 
agreed  with  previous  speakers  that  the 
decimal  system  and  the  metric  system 
should  be  kept  separate.  The  metric 
system  was  a  system  of  measurements 
based  on  uniformity  and  simplicity,  a  sys- 
tem that  would  bring  the  whole  civilized 
world  together  under  one  roof,  and  en- 
able men  to  speak  to  each  other  in  one 
language.  He  did  not  like  to  prophecy, 
but  he  thought  the  time  was  not  far  dis- 
tant when  the  engineering  profession 
would,  like  one  of  its  branches,  the  elec- 
trical, seize  upon  the  decimal  and  metric 
system  as  a  labor-saving  machine.  It  was 
a  mistake  to  say  that  the  metric  system 
was  not  a  binary  system  ;  it  was  essen- 
tially a  binary  system.  Eeference  had 
been  made  by  other  speakers  to  the  use 
in  France  of  half  a  kilogram  and  half  a 
millimeter.  All  men  reasoned  by  experi- 
ence. The  man  who  had  been  accustomed 
all  his  life  to  the  one-foot  rule  could  not 
understand  the  meter,  just  as  the  man 
who  had  been  used  to  the  meter  could 
not  understand  the  one-foot  rule.  The 
English  system  had  the  merit  of  being 
ancient.  It  was  established  in  1266  by 
Henry  III.,  who  ordered  that  for  the 
future  1  dwt.  should  be  thirty-two 
grains  of  wheat,  and  that  20  dwt. 
should  be  1  oz.,  and  12  oz.  1  lb.  Edward 
II.,  in  1324,  ordered  that  three  barley- 
corns should  be  1  inch,  and  12  inches  1 
foot.      The    British    system,    therefore, 


*  "  The  Origin  and  Progress  of  the  Mechanical  In- 
ventions of  James  Watt,"  by  J.  P.  Muirhead,  vol.  ii., 
p  179. 


rested  upon  the  scientific  basis  of  the 
weight  of  a  grain  of  wheat  and  the  di- 
mensions of  a  barleycorn. 

Mr.  Hamilton-Smythe,  in  reply  upon 
the  discussion,  said  he  regretted  that 
criticisms  of  the  particular  calculation  in 
metric,  and  in  decimalized  British  meas- 
ures which  he  had,  perhaps  somewhat 
unadvisedly,  selected,  appeared  to  have 
diverted  a  good  deal  of  attention  from 
the  broader  question  of  the  general  com- 
parative merits  of  British  and  metric 
measures  for  engineering  purposes.  By 
ingenious  sleights  of  mind,  when  calcu- 
lating British  measures  by  vulgar  frac- 
tions, and  by  great  proficiency  in  mental 
arithmetic,  some  English  engineers  were 
able  to  evolve  results  in  engineering  cal- 
culations which  excited  the  admiration  of 
simpler  arithmeticians.  The  capacity  for 
such  feats  had  no  doubt  been  fostered,  as 
was  suggested  by  Mr.  De  Salis,  by  long 
practice  and  experience  in  battling  with 
the  complexities  of  British  measures  ;  and 
the  difficulties  which  English  boys  had  to 
contend  with  in  learning  British  arithmet- 
ic and  mensuration  had,  in  many  cases, 
developed  mathematical  capacities  simi- 
lar to  those  literary  capacities  which  were 
supposed  to  have  been  developed  by  long 
and  arduous  studies  of  ancient  Greek 
literature.  Literary  men,  however,  were 
able  to  escape  from  the  Greek  particles 
and  irregular  verbs  after  leaving  a  school 
or  college ;  whereas,  British  engineers 
could  never  evade  the  wholesome  disci- 
pline of  those  rather  irksome  educators, 
the  compound  rules  of  arithmetic  and  the 
British  tables  of  weights  and  measures. 
It  had  once  been  urged  that  the  introduc- 
tion of  machinery  would  destroy  the  in- 
dividual capacity  of  the  handicraftsman. 
Possibly  this  had  been  the  case,  yet  the 
general  result  of  the  introduction  of 
labor-saving  machinery  could  hardly  be 
alleged  to  have  been  unsatisfactory,  and 
it  might  be  asked  whether  the  time  now 
devoted  to  mastering  the  complexities  of 
British  arithmetic  and  mensuration 
might  not  be  more  usefully  employed  in 
overcoming  technical  difficulties,  the 
study  of  which  might  develop  equal 
mental  capacities  with  more  directly  re- 
munerative results.  As  time  went  on, 
and  England  became  more  fully  equipped 
with  engineering  works,  British  engineers 
would  probably  find  themselves  more 
dependent  on  foreign  work,  and  brought 
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more  into  competition  with  foreign  en- 
gineers in  securing  it.  A  considerable 
portion  of  this  work  would  lie  in 
countries  using  the  metric  system,  so 
that  familiarity  with  the  system  which,  to 
quote  Mr.  De  Salis,  "  appeared  to  com- 
mend itself  to  their  clients,'5  would  prob- 
ably be  of  ever-increasing  importance  to 
British  engineers  ;  while,  if  they  were  al- 
ways to  be  burdening  their  memories 
with  a  double  set  of  standard  engineer- 
ing dimensions  aud  quantities,  for  use 
alternately  at  home  and  abroad,  they 
would  carry  a  load  that  would  handicap 
the  brains  of  most  in  the  race  for  for- 
eign work.  If  engineers  wanted  to  get 
the  full  advantage  out  of  a  system  of 
measures,  they  must  accustom  them- 
selves to  think  in  it.  Mr.  De  Salis  had 
deprecated  any  alteration  in  the  size  of 
the  brick  generally  used  in  England ;  but 
bricks  measuring  22  centimeters  by  11 
centimeters  by  7.5  centimeters,  would 
probably  bond  in  sufficiently  well  with 
standard  English  brickwork.  At  any 
rate,  the  quality  of  the  compound  brick- 
work would  dejDend,  most  likely,  more 
upon  other  considerations  than  on  the 
minute  difference  in  size  between  the  two 
kinds  of  bricks.  He  agreed  with  Mr. 
Walton  Williams  that  a  leveling-staff  di- 
vided into  separate  meters  was  most  in- 
convenient, and  productive  of  error  when 
read  through  a  level  at  short  distances  ; 
but  if  Mr.  Williams  would  try  the  level- 
ing-staff mentioned  in  the  Paper,  divided 
throughout  into  decimeters  and  centime- 
ters only,  omitting  meter  marks,  his  diffi- 
culty would  disappear.  Such  leveling- 
staves  had  long  been  in  common  use,  and 
he  had  used  one  in  Austria  for  several 
years.  The  metric  system  afforded  an 
ample  supply  of  drawing  scales  to  suit 
the  convenience  of  the  draftsman  and 
the  sizes  of  his  drawing  paper ;  but  it 
was  hardly  to  be  expected  that  conve- 
niently finite  metric  scale  would  coincide 
exactly  with  the  various  existing  British 
scales,  which  had  been  adopted  on  ac 
count  of  their  finite  relation  to  the  vari- 
ous British  measures.  If  such  had  hap- 
pened to  be  the  case,  one  of  the  reasons 
for  discarding  British  measures  in  favor 
of  metric  measures  for  the  sake  of  facil 
ity  for  international  comparison  of  maps  | 
and  drawings  would  not  exist.  He ! 
thought  no  practical  disadvantage  would  ' 
arise,  as  regarded  the  convenient  size  of  I 


drawings,  if  scales  of  ^  and  T^  were 
used  with  metric  measures  instead  of 
scales  of  ^  and  -fa  with  British  meas- 
ures. It  should  be  remembered  that 
metric  scales  were  not  meant  to  be  used 
to  represent  feet  and  inches,  and  con- 
versely that  British  scales  were  not  suited 
to  represent  meters  and  their  decimal 
submultiples.  As  Mr.  Thelwall  had  ob- 
jected to  the  waste  of  figures  involved  by 
writing  200  millimeters  and  13,000  kilo- 
grams, he  might  economize  in  them  by 
writing  the  synonyms  2  decimeters  and 
13  tonnes.  Mr.  Airy  seemed  to  have  im- 
plied that  the  feet  sometimes  used  in 
France  and  Norway  were  of  the  same 
length  as  the  British  foot ;  whereas  he 
understood  these  feet  differed  about  1 
per  cent,  and  3  per  cent,  respectively 
from  the  British  foot,  and  if  so  would  be 
of  little  value  for  international  purposes. 
The  adoption  by  Russia  of  the  British 
foot  was  an  argument,  though  of  limited 
value,  in  favor  of  British  measures  which 
had  been  overlooked  in  the  paper ;  but 
it  was  probably  merely  the  correction  of 
the  length  of  a  foot  that  had  been  used 
in  Russia  ever  since  Peter  the  Great 
carried  home  an  English  carpenters'  foot- 
rule,  and  imposed  it  on  his  subjects  as  a 
standard  measure.  Mr.  Hanson  had 
joined  Mr.  Walton  Williams  in  a  defence 
of  the  y3g--inch  to  a  foot  scale ;  but  the 
advantage  claimed  for  it  of  suiting  the 
existing  divisions  on  a  carpenters'  rule 
would  disappear  if  the  carpenters'  rule 
became  metric,  and  the  carpenter  would 
then  find  that  the  natural  scales  of  -fe  and 
yj-g-  would  suit  the  metric  rule  quite  as 
well.  So  far  as  he  was  aware,  there  had 
never  been  any  question  of  the  metric 
system  affecting  the  British  standard  rail- 
way gauge,  which  was  practically  the 
same  as  the  standard  railway  gauges  of 
most  countries  using  the  metric  system  ; 
and  he  thought  Mr.  Hanson  was  hardly 
justified  in  assuming  that  if  the  metric 
system  were  introduced  into  England, 
bricks  would  necessarily  be  made  J 
meter  long.  He  regretted  that  Mr.  Han- 
son had  not  stated  what  the  young  arti- 
sans in  France  hap23ened  to  be  measur- 
ing with  a  two-foot  rule.  If,  for  instance, 
they  were  measuring  British-made  ma- 
chinery, it  might  be  more  convenient  to 
use  a  two-foot  rule  for  that  purpose,  on 
account  of  the  various  dimensions  of 
what  they  were  measuring  having  been 
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constructed  to  finite  British  measure- 
ments. Many  of  the  inconveniences  at- 
tributed to  the  metric  system  would  be 
found  to  vanish  on  investigation.  If 
computers  preferred  expressing  metric 
measures  in  vulgar,  instead  of  in  deci- 
mal fractions,  they  were  at  liberty  to  do 
so,  nor  was  there  anything  to  prevent  a 
man  speaking  of  J-  meter  instead  of  25 
centimeters.  It  had  been  urged  by  Mr. 
Vernon-Harcourt  that  if  metric  measures 
were  allowed  to  be  used  in  Parliament, 
both  witnesses  and  the  legal  profession 
would  be  much  puzzled.  He  doubted, 
however,  whether  the  average  witness 
could  be  as  easily  puzzled  with  metric 
measures  after  a  short  experience  of 
them,  as  he  could  always  be  with  British 
measures,  while  the  members  of  the  Par- 
liamentary Bar  had  certainly  sufficient  in- 
telligence to  enatjje  them  to  master  the 
metric  system  in  addition  to  their  briefs. 
He  was  struck  with  Mr.  Barry's  quota- 
tion from  Lord  Melbourne.  Lord  Mel- 
bourne, having  attained  to  great  eminence 
in  his  own  line  of  life,  apparently  be- 
came disposed  to  think  that  changes 
must  necessarily  be  for  the  worse.  But 
there  were  many  things,  including  the 
methods  of  measuring  used  in  England, 
which  had  not  yet  been  brought  to  an- 
nular perfection,  and  it  appeared,  from 
the  remarks  of  Mr.  Preece  and  others, 
there  were  some  eminent  members  of 
the  Institution  of  Civil  Engineers  who 
thought  our  time-honored  British  meas- 
ures for  engineering  purposes  might  be 
improved  upon  with  advantage.  Almost 
every  large  general  question  resolved  it- 
self into  a  choice  between  evils,  or  into 
a  balance  of  advantages,  and  the  question 
between  British  and  metric  measures  was 
no  exception.  He  contended  that,  on 
the  whole,  the  net  balance  of  advantages 
was  so  much  in  favor  of  the  metric  sys- 
tem, that  all  impediments  to  its  use  in 
England  should  be  removed  as  far  as  pos- 
sible ;  and  that  it  would  be  to  the  ulti- 
mate interest  of  English  engineers  to  be- 
gin to  make  use  of  it  for  professional 
purposes.  He  believed  continental  ex- 
perience, as  he  had  pointed  out  in  the 
paper,  had  proved  this  to  be  much  more 
easy  than  many  members  would  have 
been  disposed  to  think,  and  the  tempor- 
ary translating  of  the  comparatively  few 
measurements  which  specially  concerned 
the  outside  public  in  the  plans  of  engi- 


neering schemes,  had  not  been  found  so 
laborious  as  might  have  been  supposed. 
In  Ireland,  land  purchased  for  engineer- 
ing works  had  to  be  computed  in  Irish 
land  measures,  the  conversions  into  which, 
were  at  least  as  troublesome  as  the  con- 
version of  hectares  into  statute  acres. 
Sub-contracts  for  fencing,  walling,  and 
even  some  other  kinds  of  masonry,  were 
in  Ireland  set  in  Irish  lineal  perches,  and 
various  local  measures  had  to  be  used 
there  for  purchasing  lime,  road-metaling, 
and  some  other  engineering  materials. 
Any  one  taking  the  trouble  to  investi- 
gate the  approximate  relations  existing 
between  metric  and  British  measures, 
would  find  rules  for  approximate  and 
rapid  interconversion,  which  were  at 
least  as  easily  remembered  and  applied 
as  the  many  ingenious  mnemonics  so 
freely  used  for  abridging  British  fraction- 
al arithmetic  and  mensuration.  Take  for 
instances  of  the  former — 

10  lineal  meters  approximately 

equal  to  11  lineal  yards. 
10  square  meters  approximately 

equal  to  12  square  yards. 
10  cubic  meters  approximately 

equal  to  13  cubic  yards. 

When  once,  however,  metric  measures 
had  supplanted  British  standard  and 
local  measures,  all  such  approximate  and 
other  converters  would  be  discarded  and 
give  place  to  more  remunerative  engineer- 
ing knowledge. 

Sir.  Frederick  Bramwell,  President,, 
said  he  wished,  before  the  close  of  the 
meeting,  to  ask  the  indulgence  of  the 
members  for  0.0833,  or  it  might  be  0.1666 
of  an  hour.  What  was  the  object  of  a 
system  of  arithmetic  ?  He  supposed  that 
it  was  to  be  able  to  make  calculations  in 
the  easiest  manner,  and  to  arrive  at  suffi- 
ciently accurate  results.  The  question  y 
therefore,  was  whether  the  system  in  use 
in  England,  or  that  in  use  on  the  Conti- 
nent, was  the  more  likely  to  satisfy  these 
conditions.  He  felt  inclined  to  say,  from 
many  years'  consideration  and  experience, 
that  the  English  system  was  the  more 
likely  to  give  this  satisfaction.  Of  course 
a  mere  statement  of  opinion,  if  unsup- 
ported by  facts,  was  of  no  value,  and  he 
therefore  desired  to  give  one  or  two  rea- 
sons for  the  faith  that  was  in  him.  He 
wished  to  be  allowed  to  use  the  decimal 
system  with  English  weights  and  meas- 
ures  when  he  liked,   and  to   use  vulgar 
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fractions  when  he  liked.  At  the  present 
time  the  metric  system  was  permissive  in 
England,  so  that  any  one  could  use  it 
when  he  pleased ;  but  he  presumed  that 
the  object  of  the  author  was  to  have  an 
Act — a  compulsory  Act — which  should 
forbid  the  use  of  the  present  English 
weights  and  measures.  What  would  be 
thought  by  the  advocates  of  the  metric 
system,  if  those  who  preferred  English 
weights  and  measures  were  to  introduce 
a  bill  for  the  purpose  of  prohibiting  the 
metric  and  the  decimal  method.  They 
would,  no  doubt,  look  upon  such  a  meas- 
ure as  being  very  wrong  and  improper, 
and  he  must  be  permitted,  on  the  other 
hand,  to  regard  the  introduction  of  a  bill 
to  compel  the  use  of  the  metric  system 
as  being  equally  wrong  and  improper. 
His  hearers  must  not  suppose  that  the 
advocates  of  tbe  metric  system  were  not 
amenable  to  the  charge  of  seeking  to 
make  the  continued  use  of  the  existing 
system  a  crime.  The  bill  brought  in  by 
Messrs.  Ewart,  Bazley,  Baines,  Smith  and 
Graves  on  the  24th  of  February,  1868, 
coDtained  the  following  penal  clauses  : 

w  10.  From  and  after  the  expiration  of 
-years  from  the  passing  of  this  Act 


the  Imperial  and  all  local  or  customary 
weights  and  measures  shall  be  abolished, 
and  every  person  who  shall  sell  by  any 
denomination  of  weights  and  measures 
other  than  those  of  the  standard  metric 
weights  and  measures,  or  such  decimal 
multiples  or  decimal  parts  thereof  as  are 
authorized  by  this  Act,  shall  on  convic- 
tion be  liable  to  a  penalty  not  exceeding 
the  sum  of  forty  shillings  for  every  such 
sale. 

"  11.  From  and  after  the  expiration  of 
-years  after  the  passing  of  this  Act, 


if  any  person  or  persons  shall  print,  or 
if  the  clerk  of  any  mirket  or  other 
person  shall  make  any  return,  price  list, 
price  current,  or  any  journal  or  other 
paper  containing  price  list  or  price  cur- 
rent, in  which  the  denomination  of 
weights  and  measures  quoted  or  referred 
to  shall  denote  or  imply  a  greater  or  less 
weight  or  measure  than  is  denoted  or  im- 
plied by  the  same  denomination  of  the 
metric  weights  and  measures  under  and 
according  to  the  provisions  of  this  Act, 
such  person  or  persons  or  clerk  of  the 
market  shall  forfeit  and  pay  any  sum  not 


exceeding  ten  shillings  for  every  copy  of 
every  such  return,  price  list,  price  cur- 
rent, journal,  or  other  paper  which  he  or 
they  shall  publish." 

There  must  indeed  be  an  extreme  su- 
periority of  one  system  over  the  other,  to 
justify    an    enactment  that  would  cause 
a  man  to  be  considered  a  breaker  of  the 
law  and  liable  to  penalty  simply  because 
he  chose  to  make  his  calculations  by  the 
i  old   method  instead  of  by  the  new  one. 
All  that  he  asked  was,  that  liberty  should 
be  left  to  people  to  make  their  own  selec- 
tion, and  he  thought  if  that  liberty  were 
i  continued  it  would  be  easy  to  foretell  the 
result.     The  permission  to  use  the  metric 
;  system  as  a  legal  measure  had  existed  in 
England    for    some    years,   and   in   the 
United  States  for  a  still  greater  number 
I  of  years,  but  it  had  not  been  adopted  ; 
j  whereupon  the  advocates  of  the  metric 
i  system,  not  content  with  leaving  it  to  the 
selection  of  the  people  to  use  that  which 
i  was   most   convenient,    wanted   to  force 
1  their   particular    mode   upon    them    by 
|  means  of  penalties.     To  come  now  to  a 
i  consideration  of  the  relative  advantages 
and  disadvantages  of  the  two  systems, 
I  What   were  the  facts  ?     The  author  had 
spoken  of  "  stones,"  "  drams,"  "  scruples," 
j  and  so  on ;  but  such  measures  were  not 
used  by  engineers.     He  had  ridiculed  the 
scale  of  three-sixteenths  of  an  inch,  but, 
as  had  already   been   pointed   out,   that 
was  one  sixty-fourth  of  a  foot,  and  he  be- 
]  lieved  that  his  mind  was  as  capable  of 
i  grasping   the   idea   of   one    thing   being 
j  sixty-four  times  the  size  of  another  as  it 
|  was  of   being  impressed   by  the  notion 
j  that  the  relative  dimensions  of  two  ob- 
jects were  1  and  100.     The  author  had 
brought  forward  a  pair  of  calculations  to 
|  illustrate  the  general  superiority  of  the 
|  decimal-metric  system  above  the  existing 
I  English  system;  but  in  one  sense,  and  in 
j  one  sense  only,  was  this  calculation  that 
had  been  placed  before  them   typical  of 
the  metrical  and  decimal  system — in  the 
enlarged   copy  on  the  wall  the  decimal 
,  point  appeared  in  the  wrong  place,  as  it 
always    did.     Some   years    ago  he    went 
into   the   workshops   of    the   Paris    and 
|  Lyons  railway,  where   he  was  shown    a 
drawing  of  a  locomotive,  with  a  variable 
blast-pipe,    and  he   asked  what  was  the 
1  maximum   and  what  the  minimum  area. 
\  One   of  the  engineers   took   a   sheet    of 
I  foolscap,  covered  it  with  figures  from  top 
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to  bottom,  and  then  gave  him  a  dimen- 
sion rather  bigger  than  that  of  the  cylin- 
der. Sir  Frederick  Bramwell  had  a  two- 
foot  rule  in  his  pocket,  and,  finding  that 
the  drawing  was  made  on  the  scale  of  one 
tenth,  he  applied  the  English  inch  tenth, 
and  so  got  out  the  area  and  translated  it 
into  French  measures,  which  he  did  in 
one-fifth  part  of  the  time  occupied  by  the 
man  figuring  on  the  paper.  He  did  not 
displace  the  decimal  point,  because  he 
had  not  got  one.  Reverting  to  the  cal- 
culations on  the  wall,  he  wished  to  show 
how  utterly  misleading  they  were.  The 
author  had  placed  before  the  members 
two  comparative  calculations,  employed 
to  ascertain  the  weight  in  tons  and  deci- 
mals of  tons  of  the  water  contained  in  a 
given  sized  vessel.  In  consequence  of 
the  bulk  of  water  representing  the  weight 
in  French  measures  he  was  enabled  to 
stop  in  his  calculation  on  arriving  at  the 
cubic  contents,  and  to  say,  "  The  whole 
thing  is  done  ;  there  is  the  weight  of  the 
water ;  but  if  you  do  it  in  English  meas- 
urements you  will  have  all  these  addi- 
tional figures  to  use  before  you  can  get 
the  weight  of  the  water."  Assume  for 
the  moment  the  difference  in  the  length 
of  the  two  calculations  existed,  what "  did 
it  prove  as  regarded  the  general  question  ? 
Nothing  whatever.  To  what  did  it  ap- 
ply? To  fresh  water  at  a  particular 
temperature,  and  to  nothing  else.  There 
was  no  other  liquid  on  the  face  of  the 
earth,  from  ether  to  mercury,  for  which 
it  would  be  true.  It  was  not  true  for  salt 
water,  nor  would  it  even  do  for  fresh 
water  at  a  different  temperature.  In  any 
other  case  a  multiplier  must  be  used  to 
get  the  weight,  which  would  make  the 
metric  calculation  as  complex  as  the  au- 
thor's English  example.  But  who  but 
one  whose  mind  was  warped  by  the  met- 
ric system  would  have  thought  of  turn- 
ing inches  into  decimals  of  feet  prior  to 
calculation?  Would  not  anyone  else 
have  worked  the  sum  thus  ?  :  The  an- 
nexed sum  showed  how  any  one  not  satu- 
rated with  decimals  dealing  with  10  feet 
6  inches  by  6  feet  2  inches  by  1  foot  1  inch 
would  have  treated  it.  There,  in  twenty- 
five  figures,  was  the  answer,  as  regarded 
the  cubic  contents,  while  the  metric  sys- 
tem, to  reach  the  same  point,  had  needed 
thirty-five  figures.  Mr.  Percy  Fowler 
had  spoken,  to  his  great  astonishment,  of 
the  way  in  which  workmen  in  Spain  used 
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the  metric  system,  and  made  calculations 
which  persons  of  the  same  class  could 
not  make  in  Eugland  with  the  ordinary 
English  measures.  He  had  never  traveled 
in  Spain,  but  he  had  traveled  in  France, 
Italy  and  Germany,  and  had  made  it  his 
business  to  ascertain  what  the  facts  were 
with  regard  to  the  powers  of  the  people 
to  do  anything  in  the  way  of  mental 
arithmetic,  and  he  said  unhesitatingly 
that  in  those  three  countries  it  was  the 
rarest  possible  thing  to  meet  a  person 
who  could  make  a  mental  calculation,  not 
because  they  were  wanting  in  intelligence 
or  ability,  for  they  were  quite  equal  to 
the  English  in  those  respects,  but  be- 
cause they  dealt  with  a  system  so  cum- 
brous that  it  absolutely  precluded  men- 
tal calculation.  Let  any  one  go  to  a 
French  railway  station,  and  ask  for  three 
tickets  from  A  to  B,  and  it  would  gener- 
ally be  found  that  the  man  (or,  as  was 
commonly  the  case,  a  woman,  with  a  man 
to  look  after  her)  could  not  tell  the 
amount  without  taking  a  piece  of  chalk 
or  a  pencil  and  making  a  calculation.  The 
clerk  would  have  no  more  idea  of  what 
three  times  the  single  fare  was  than  a 
child  would  have.  Compare  such  a  per- 
son's power  of  calculation  with  that  of 
an  English  butcher's  wife  or  daughter 
who  was  in  the  habit  of  dealing  with 
pounds  and  ounces  and  pence.  Let  him 
test  the  question  nearer  home.  Could 
many  of  those  present  mentally  square 
3.25?  He  believed  very  few.  But  there 
was  no  difficulty  in  squaring  3J  =  lOyV 
10T9g-  was  a  sum  easily  appreciated  and 
easily  expressed,  while  in  10.5625,  the 
decimal  equivalent  of  the  vulgar  fraction 
was  much  more  cumbrous,  and  he  ven- 
tured to  think  did  not  form  any  impres- 
sion on  the  mind,  except  that  it  was  a 
little  more  than  one-half.  Again,  which 
of  them  could  square  4.125?  That  to 
the  majority  would  be  almost  impossible, 
but    with   4J  there    was    no    difficulty. 
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17^V  compared  with  17.015625.  It  ap' 
peared  to  him  that  a  system  like  ours> 
which  enabled  mental  calculations  to  be 
made  rapidly  and  accurately  was  enough 
for  all  practical  purposes.  It  did  not  lie 
in  the  mouth  of  decimalists  to  insist 
upon  absolute  accuracy,  because  they 
were  content  with  approximation,  and 
must  of  necessity  be  so  in  many  cases. 
With  regard  to  the  statement  as  to  the 
meter  being  the  ten-millionth  part  of  a 
quadrant  of  the  meridian,  Mr.  Hawksley 
had  fully  exposed  this  in  his  presidential 
address,  to  which  he  would  refer  the 
members.*  The  whole  thing  had  been  a 
failure,  and  Frenchmen  themselves  did 
not  use  the  notation,  nor  did  they  use 
the  unit  of  weight.  It  had  been  intend- 
ed, if  it  were  desired  to  express  the 
thousandth  part  of  a  meter,  it  should  be 
done  by  writing  the  word  meter,  and  put- 
ting below  it  a  decimal  point  followed  by 

1\T(-^ -for 

two  0's  and  a  1,  thus  0.001;  but  what 
was  the  fact  ?  A  millimeter  was  ex- 
pressed by  m/m.*  So  with  the  kilogram. 
It  was  intended  that  should  be  the  unit, 
and  the  lesser  divisions  were  to  be  indi- 
cated by  a  decimal  point  and  the  regular 
number  of  ciphers  ;  but  the  fact  was  the 
unit  was  too  large,  and  accordingly  the 
French  bought  and  sold  by  the  half-kilo- 
gram, and  they  called  it  the  £  kilo,  and 
not  the  0.500  kilo,  or  even  500  grams, 
these  modes  were  too  roundabout  as 
compared  with  "  half  a  kilogram,"  and 
humanity  would  say  half  a  kilogram  in 
spite  of  penalties.  Centimes,  again,  were 
often  replaced  by  sous.  The  "  tonne," 
also,  was  not  a  part  of  the  metric  sys- 
tem, but  was  an  invention  to  cure  a  fail- 
ure in  the  system.  People  did  not  and 
would  not  deal  with  thousands  of  figures 
when  they  could  adopt  another  mode  of 
expressing  the  number  compendiously  by 
a  single  figure.  As  regards  the  facilities 
afforded  by  English  weights  and  meas- 
ures, he  desired  to  be  permitted  to  refer 
to  the  numberless  short  cuts  in  mental 
calculations  given  by  the  present  system. 
How  much  they  would  have  to  forego  if 
they  were  forbidden  to  say  that  plate- 
iron  was  5  lbs.  to  the  foot  super,  and 
cast-iron  4  inches  to  the  pound,  adding 
■fe  to  make  the  necessary  correction. 
Round-iron,  by  the  present  system  could 

*  Minutes  of  Proceedings  Inst.  C.  E.,  vol.  xxxiii.  p. 
342. 


have  its  weight  calculated  in  a  moment, 
squaring  the  diameter  in  eighths  and  di- 
viding by  twenty-five,  or  multiplying  by 
four,  gave  the  weight  in  lbs.  per  foot  at 
once  ;  for  example,  If  =  11,  ll2  =  121,  121 
X  4=484  lbs.  per  foot.  Water  had  been 
referred  to  as  an  instance  of  the  wonder- 
ful use  of  the  metric  system.  He  would 
take  a  water  illustration  of  a  simple  cal- 
culation by  the  English  system.  If  en- 
gineers wanted  to  know  how  much  a 
pump  would  lift,  what  did  they  do  ?  They 
squared  the  diameter  and  multiplied  by 
the  stroke  of  the  piston  in  yards,  and  at 
once  obtained  the  amount  in  lbs.,  as 
every  yard  upon  the  circular  inch  was  a 
pound.  Taking  an  8-inch  pump,  the 
square  was  64 ;  it  was  making  10  yards  a 
minute — 64  gallons  a  minute — there  they 
had  it  in  a  moment.  Another  instance,  1 
inch  of  rain  to  the  acre  was  100  tons,  or, 
to  be  more  accurate,  101  tons.  In  the 
United  States,  where,  as  here,  they  had 
the  option  to  use  legally  the  metric  sys- 
tem, they  had  not  used  it.  Mr.  Sellers, 
one  of  the  best  authorities,  had  said  that 
the  thing  was  not  fit  to  be  used.  He 
would  refer  the  Members  to  one  who  was 
not  a  bad  engineering  authority,  Rankin e. 
He  would  read  to  them  the  last  verse  of 
Rankine's  song  in  praise  of  the  three-foot 
rule  : 

'  Here's  a  health  to  every  learned  man  that  goes  by 

common  sense ; 
And  would  not  plague  the  workman  on  any  vain 

pretence  ; 
But  as  for  those  philanthropists  who'd  send  us  hack  to 

school, 
Oh,  bless  their  eyes,  if  ever  they  tries  to  put  down  the 

three-foot  rule." 

He  would  also  read  an  extract  from  a 
speech  of  Mr.  Beresford  Hope  on  the 
same  subject,  made  in  the  debate  on  Mr. 
Ewart's  Bill : 

"Decimalization  is  a  process  of  calcula- 
tion for  the  benefit  of  the  calculator. 
Metricalization  is  not  a  process,  but  a 
system  of  measures,  so  called  from  its 
unit  or  base,  which  happens  accidentally 
to  be  facilitated  by  the  ease  with  which 
its  details  may  be  worked  out  through 
means  of  the  decimal  notation.  The  met- 
rical system  in  itself  is  an  abtruse  and 
philosophic  one,  founded  upon  the  fancy 
of  some  French  men  of  science  at  the 
time  of  the  Revolution,  who  adopted  as 
the  starting-point  of  the  system  the 
measurement  of  the  earth's  circumference, 
and  by  the  way  of  a  unit,  measured  the 
10,000,000th    part   of   a   quadrant   of   a 
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meridian  through  Paris  (about  39T53-  in.) 
which  they  termed  a  '  meter.'  No  doubt 
those  multiples  and  aliquot  parts  of  the 
meter  which  form  the  French  measures 
of  length  are  adjusted  to  meet  the  deci- 
mal system,  as  are  also  the  measures  of 
area,  capacity  and  weight,  which  are  by  a 
further  process  built  upon  the  meter. 
But  decimal  notation  is  equally  applicable 
for  the  man  who  finds  that  it  helps  his 
calculations  whenever  he  has  to  work  out 
his  sum  in  our  old  weights  and  measures  ; 
for  decimals  are  really  not  a  system,  but,  as 
I  said,  a  process  for  easily  reaching  a  cer- 
tain practical  result,  like  logarithms  or 
algebraical  symbols.  I  grant  all  the  ad- 
vantages which  their  friends  urge  in  be- 
half of  decimals  for  the  purpose  of  cal- 
culation ;  but  it  requires  no  Act  of  Par- 
liament to  enable  those  who  appreciate 
them  to  make  their  own  calculations  by 
way  of  decimals.  Least  of  all,  is  legisla- 
tion needed  for  the  merchant  princes — 
the  men  of  enormous  means  and  gigantic 
transactions — whose  advocate  my  hon. 
friend  the  Member  for  Liverpool  (Mr. 
Graves)  has  made  himself.  They  have 
but  to  keep  a  calculating  clerk — an  em- 
ploye whose  one  duty  is  to  manipulate 
the  decimals — and  they  have  got  what 
they  want.  The  sufferers  will  be  the  lit- 
tle people — the  small  buyers  and  sellers, 
the  hucksters  and  the  marketers — who 
will  be  compelled  under  the  penalties  of 
a  compulsory  Act  of  Parliament,  to  learn 
and  to  use  a  system  which  is,  in  its  out- 
ward type,  as  non-natural  as  it  is  novel. 
I  will,  in  order  to  prove  my  point,  take 
the  most  familiar  instance,  and  show  that 
although  a  great  deal  has  been  said  about 
the  advantages  of  the  French  subdivi- 
sions, yet,  after  all,  our  subdivisions  are 
more  natural  for  the  ordinary  purposes  of 
life.  If  a  boy  has  to  divide  an  apple, 
does  he  ever  think  anything  about  the 
circumference  of  the  earth  and  its  aliquot 
parts,  or  about  the  decimal  system  and 
its  unrivaled  facilities  for  calculation? 
No  ;  but  he  takes  his  apple,  and  cuts  it 
into  two  parts  if  he  wants  to  halve  it,  and 
those  halves  into  quarters  if  he  wants  to 
make  four  parts  of  it.  In  the  same  way, 
if  a  housewife  has  to  cut  up  the  loaf  for 
her  family,  she  divides  it  into  two,  into 
four,  into  eight,  or  into  sixteen  parts, 
and  the  sixteen  people  share  their  bread 
naturally.  Supposing  the  loaf  to  weigh 
originally  a  pound,  each  of  these  sixteen 


divisions  comes  out  an  ounce.  Such  is  the 
rationale  of  our  system  of  measuring — 
binary  system  so-called — founded  on  con- 
tinual halving,  and  proved,  by  the  com- 
mon sense  of  mankind,  before  the  great 
era  of  enlightenment  inaugurated  in 
1789,  to  be  the  most  convenient  and  nat- 
ural one.  But  I  may  be  told — Halve 
away,  but  then  express  your  halvings  in 
decimals.  This  is  very  easy  for  the  mer- 
chant prince  to  do  when  he  is  totting  up 
his  large  transactions  in  '  centals,'  or  for 
the  Chancellor  of  the  Exchequer  when 
dealing  with  a  nation's  finances ;  but  how 
will  it  suit  the  little  transactions  of  daily 
life  ?  I  come  back  to  my  loaf.  How  are 
ordinary  people  to  represent  halves  and 
quarters  by  decimal  points  ?  The  symbol 
of  a  half  is  the  figure  'five,'  with  a  dot 
to  its  left  hand ;  the  symbol  of  half  that 
quantity,  that  is  of  a  quarter,  is  the  sum 
twenty-five,  also  with  a  dot  to  its  left 
hand.  Arithmeticians  understand  how 
this  can  come  about,  and  the  symbols 
have  grown  natural  in  their  eyes  ;  but  in 
what — even  the  most  infinitesimal — de- 
gree do  they  tell  their  own  story  to  the 
unlearned  %  What  palpable  relations  to- 
wards each  other  can  be  disentangled 
out  of  these  most  frequently  recurring 
symbols  ?  What  is  there  in  the  nature 
of  things  to  show  that  the  dotted  five 
means  a  half,  and  the  dotted  twenty-five 
a  half  of  that  half,  and  a  quarter  of  the 
'  one,'  with  no  dot  on  either  side,  which 
stands  for  unity  1  Decimal  notation  is 
then,  after  all,  as  I  have  been  arguing,  a 
process,  and  not  a  system.  It  is  a  proc- 
ess good  for  the  schools,  and  good  for 
the  bustling  counting-house  and  the 
large  sum,  but  the  poor  man  would  be 
completely  thrown  out  if  he  had  to  em- 
ploy— under  penal  legislation,  too — 
decimal  points  for  the  purpose  of  meas- 
uring his  little  purchases  by  halves  and 
quarters.  With  permissive  means,  such 
as  now  exist,  the  system  will  come  in 
where  it  is  wanted,  and  be  kept  out 
where  it  is  not  wanted  ;  but  under  a  com- 
pulsory enactment  it  will  intrude  itself 
everywhere,  and  show  itself  in  its  real 
colors  as  nothing  less  than  a  public  nuis- 
ance. But  the  more  we  examine  the  bill 
of  the  hon.  Member  of  Dumfries,  the 
more  inapplicable  do  its  provisions  seem 
for  the  purposes  of  practical  life.  I  have 
touched  upon  the  principle  of  the  metric 
system,  let  me  now  call  the  attention  of 
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the  House  to  the  language  in  which 
{after  the  French  model)  it  is  proposed 
to  clothe  that  system.  The  new  unit  of 
weight  is  to  be  the  '  gram  '  or  '  gramme, ' 
which  is  attained  by  providing  a  square 
yessel,  whose  capacity  is  the  cube  of  the 
hundredth  part  of  a  meter  (centimeter,  to 
wit),  and  then  weighing  the  amount  of 
water  which  it  will  hold  at  a  certain  tem- 
perature. One-tenth  part  of  this  gram 
is  to  be  a  decigram,  and  ten  times  a  gram 
is  to  be  a  decagram,  for  the  reformers 
decreed  that  aliquot  parts  were  to  be 
named  after  the  Latin,  and  multiples 
after  the  Greek  numerals.  How  in  the 
name  of  common  sense  can  we  make 
poor  people  understand  that  because 
there  are  the  letters  *  ci '  in  the  one  word 
it  means  the  tenth  of  a  gram,  and  that 
because  there  are  the  letters  '  ka'  in  the 
other  it  means  10  grams,  or  100  deci- 
grams ?  My  hon.  friends  the  Member 
for  Dumfries  and  the  Member  for  Liver- 
pool come  to  this  House  representing 
great  commercial  transactions ;  but  I 
stand  up  for  the  poor  man.  Only  im- 
agine an  honest  housewife  going  into  a 
shop  and  asking  for  a  decigram  of  pep- 
per, and  a  dekagram  of  tea  ;  imagine, 
too,  the  milkmaid  selling  her  fluid  by  the 
liter.  The  Member  for  Liverpool  is  a 
kind-hearted  man  ;  is  he  then  prepared, 
with  all  the  stringent  force  of  a  penal 
statute,  to  enact  that,  when  one  of  his 
youthful  constituents  may  desire  to  effect 
a  commercial  transaction  in  a  manufac- 
ture for  which  one  portion  of  that  great 
borough  is  famous,  he  should  be  bound 
to  go  to  the  shop  and  tender  his  '  dime  ' 
for  three  decigrams  of  Everton  toffee? 
Fancy  the  farmer  who  has  been  accus- 
tomed ever  since  he  entered  on  his  farm 
to  cultivate  the  '  ten '  or  '  twelve-acre 
field,'  having  to  consult  the  steward  about 
liming  the  seventeen  are  field,  or  be  a 
criminal  and  a  contemner  of  the  laws  of 
his  country.  Fancy  the  bumpkin  who 
was  prepared  to  boast  that  he  was  with- 
in a  decimeter  of  catching  the  fox  as  he 
crept  through  a  gap  about  a  dekameter 
from  the  white  gate.  If  the  theorists 
and  the  men  of  wealth — men  of  brains, 
it  may  be,  but  as  certainly  men  of  self- 
assurance — have  worked  out  this  system 
for  themselves,  there  are  poor  men,  who 
form  the  majority  of  mankind,  for  whom 
it  will  never  answer,  and  there  are  men  of 
brains  at  least  equal  who  are  decidedly 
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opposed  to  its  adoption.  Is  it  not  pos- 
sible that  our  present  system  is  not  only 
quite  as  convenient  and  useful  as  the 
metric  system,  but  a  little  more  philo- 
sophical also  ?  Why  should  a  standard 
founded  on  the  quadrant  of  the  earth's 
circumference  passing  through  the  merid- 
ian of  Paris  be  a  better  one  than  ours  ? 
No  doubt  it  looks  very  solemn,  from  the 
grand  nomenclature  with  which  it  is  prop- 
ped, but  all  those  odd  names  for  the 
French  weights  and  measures  were 
adopted  at  the  first  heat  of  the  great 
Revolution,  when  the  pedantic  aping  after 
ancient  Greek  and  Latin  terms  led  to 
their  being  applied  to  everything  novel 
and  French — from  the  scanty  propor- 
tions of  a  lady's  dress  to  the  most  intri- 
cate principles  of  jurisprudence  and 
moral  philosophy.  Moreover,  they  have 
taken  root  in  nations  whose  vernacular 
languages  are  themselves  derived  from 
the  old  classical  tongues.  May  it  not,  I 
repeat,  be  just  possib  e  that  our  unit  is 
as  good  as  that  of  the  French,  even  upon 
the  most  abstract  grounds."* 

Mr.  Beresford  Hope,  having  spoken  in 
that  common-sense  way,  had  quoted  a 
letter  from  Sir  John  Herschel,  which 
was  very  well  worth  reading,  but  he 
would  not  detain  the  members  with  it. 
He  would  only  refer  to  one  other  matter, 
and  that  was  the  coinage.  It  had  been 
said,  you  may  decimalize  the  pound  with- 
out difficulty.  This  was  one  part  of  the 
case  which  had  not  been  considered. 
Once  let  the  pound  be  decimalized,  and 
there  would  be  an  end  of  the  guinea.  He 
did  not  know  whether  there  were  any 
physicians  or  barristers  present,  but  if 
there  were  he  would  remind  them  that  by 
the  new  system  they  would  lose  0.047619 
of  their  incomes — in  other  words  -fa. 
When  the  pound  was  decimalized  no  one 
would  be  prepared  to  pay  the  next  divi- 
sion, which  would  be  y1^  instead  of  -fa. 
In  conclusion,  he  would  tell  them  of  a 
ready  way  which  he  always  used  for 
mental  calculation  when  turning  millime- 
ters into  inches.  Mr.  Rapier  had  said, 
multiply  by  4,  but  this  needed  a  correc- 
tion, which  was,  deduct  fa  of  the  prod- 
uct ;  this  would  give  an  answer  as  near 
the  truth  as  the  3  . .  3  J  commonly  taken  ; 
for  example,  16  millimeters  X  4= 64— fa 
=  63  =  6.3  inches. 

*  Hansard's  Parliamentary  Debates,  vol.  cxcii.,  May 
13th,  1868. 
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CORRESPONDENCE. 

Mr.  A.  Barclay  remarked  that  there 
was  a  convenient  mode  of  graduating 
and  figuring  a  rule  which  was  applicable 
to  any  arbitrary  unit  and  subdivision. 
In  the  ordinary  fitters'  and  joiners'  Eng- 
lish two-foot  rule,  folded  in  the  middle 
on  a  compass- joint,  the  inches,  figured  on 
each  face  from  left  to  right,  1  to  24,  were 
usually  divided  into  ^,  J,  -J,  and  -fa.  If 
any  work  had  to  be  centered,  the  unit 
end  of  the  rule  was  made  to  correspond 
with  one  limit,  and  the  reading  was  taken 
at  the  other  limit  (say  21f -^  inches  bare), 
it  was  then  necessary,  mentally,  to  halve 
this  quantity,  represented  by  two  numer- 
als, two  fractions,  and  the  difference  to 
the  nearest  division,  and  having  by  this 
process  obtained  the  new  half  quantity 
(lOJJg  inches,  scant,  which  had  also  two 
numerals,  two  fractions  and  a  difference), 
to  note  the  corresponding  reading  on 
the  rule,  and  against  it  make  a  trial  cen- 
ter mark,  which  was  very  likely  to  require 
adjustment.  Next,  the  accuracy  of  its 
position  must  be  checked  by  an  equal 
half  measurement  to  the  other  limit. 
The  rule  which  he  preferred  had  the  usu- 
al divisions  and  figures,  and  also  on  one 
face  next  the  outer  edge  were  two  scales 
of  half  inches,  figured  1  to  24,  from  the 
joint  to  each  end,  the  half  inches  having 
the  same  number  of  subdivisions  as  the 
scale  of  inches.  With  this  rule,  having 
ascertained  the  cross  measure  (say,  as 
before,  21f  -^  inches  bare),  and  found  the 
corresponding  figures  and  divisions  on 
the  two  half -inch  scales,  they  would, 
when  laid  on  the  work,  exactly  coincide 
with  the  two  opposite  limits,  and  the 
center  would  be  marked  off  with  confi- 
dence at  the  joint  zero.  It  was  only 
necessary  to  remember  the  first  measure- 
ment as  a  comparative  length,  calcula- 
tion was  unnecessary,  and  halving  a 
measurement  by  this  method  of  substi- 
tuting the  appropriate  scales  was  accom- 
plished with  accuracy  and  dispatch. 
The  Japanese  artizans,  now  at  work  at 
the  Exhibition  at  South  Kensington, 
used  a  bamboo  rule  of  native  make,  like 
a  drawing  scale,  the  unit  being  the  Eng- 
lish foot  divided  into  10,  100,  if*. 

Mr.  H.  Bauerman,  as  the  result  of  long 
experience  in  the  use  of  various  metro- 
logical  systems  in  different  countries, 
was  unable  to  agree  with  the  author's 
conclusions  as  to  the  desirability  of  in- 


ternationalizing the  metrical  system  to 
the  exclusion  of  all  others.  He  thought 
that  the  weights  and  measures  used  at 
any  particular  time  by  any  people  fairly 
corresponded  to  their  local  and  tempor- 
ary necessities,  and  as  new  necessities 
arose,  they  would  be  met  by  the  adop- 
tion of  new,  or  by  the  modification  of  old, 
units.  Take,  for  instance,  the  progress 
in  the  use  of  the  ton  as  a  business  unit. 
For  many  centuries  commercial  require- 
ments were  satisfied  by  the  hundred- 
weight or  quintal,  and  indeed  the  latter, 
until  lately,  if  not  now,  did  survive  in 
the  Newfoundland  and  Labrador  cod  fish- 
eries. Increase  in  the  scale  of  opera- 
tions, however,  led  to  the  adoption  of 
the  twenty-fold  larger  unit,  first  in  Eng- 
land, and  at  longer  intervals  in  foreign 
countries.  Strangely  enough  in  Ger- 
many, where  the  cwt.  unit  lingered  long- 
est, the  ton  had  been  supplemented  by  a 
ten-fold  larger  unit,  the  wagon,  corre- 
sponding to  the  contents  of  a  ten-ton 
railway  wagon,  which  was  now  commonly 
used  in  the  coal  and  iron  districts  of 
the  Rhineland.  These  were  examples  of 
change  of  use  due  to  commercial  necessi- 
ties, and  which  had  been  effected  without 
inconvenience  ;  but  it  would  be  very  dif- 
ferent to  attempt  to  impose  an  entirely 
new  metrological  system  upon  a  people 
without  regard  to  local  usages.  Those 
who  advocated  the  universality  of  the 
metric  system  seemed  to  consider  arith- 
metical convenience  as  synonymous  with 
convenience  of  every  kind,  which  was  not 
necessarily  true.  For  instance,  when  a 
large  number  of  similar  articles  had  to 
be  divided  into  small  packages,  there 
was  a  distinct  saving  of  packing  mate- 
rials by  making  them  up  in  twelves 
rather  than  in  tens.  Here  the  conve- 
nience of  the  packer  was  in  sharp  con- 
trast to  that  of  the  computer,  so  that 
while  the  latter  might  prefer  to  consider 
twelve  as  1.2  decade,  the  former  would 
regard  ten  as  five-sixths  of  a  dozen,  and 
it  would  only  depend  upon  the  relative 
strength  of  the  two  parties  which  view 
should  prevail,  if  one  were  to  be  used  to 
the  exclusion  of  the  other.  The  author's 
arithmetical  illustration  did  not  appear 
to  have  much  bearing  upon  the  question, 
for  although  he  had  used  a  large  number 
of  figures  to  arrive  at  an  incorrect  result 
in  determining  the  contents  of  the  Eng- 
lish  tank,  as  contrasted  with  a  smaller 
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number  required  for  the  determination 
of  the  equivalent  metrical  volume,  the 
former  was  due  to  the  use  of  incorrect 
factors,  and  an  inappropriate  arithmeti- 
cal method,  which,  again,  was  conditioned 
by  the  assumption  that  civilized  arith- 
metic must  necessarily  be  decimal.  In 
other  words,  he  preferred  multiplying  by 
0.167,  which  was  inexact,  to  dividing  by 
6,  which  was  right.  The  author's  sug- 
gestion that  English  engineers  would  be 
precluded  from  using  foreign  technical 
literature,  because,  in  the  latter,  dimen- 
sions were,  as  a  rule,  expressed  in  milli- 
meters, did  not  seem  to  accord  with  the 
experience  of  the  Institution,  which  for 
some  years  past  had  supplied  abstracts 
of  the  more  important  papers  in  foreign 
journals,  in  English,  but  in  many  cases 
with  the  original  dimensions.  These  had 
been  so  far  appreciated  as  to  be  largely  re- 
produced in  English  and  American  jour- 
nals when  of  special  interest,  which 
would  scarcely  have  been  done  had  the 
editors  considered  them  as  a  matter  un- 
intelligible to  their  subscribers  ;  and,  in 
the  case  of  one  contributor,  at  any  rate, 
such  abstracts  had  led  to  correspondence 
sometimes  of  an  inquiring  and  some- 
times of  a  mildly  controversial  character, 
but  in  neither  case  had  there  been  any 
misapprehension  as  to  dimensions.  The 
author's  views  as  to  decimalizing  Eng- 
lish money  were  also  contrary  to  experi- 
ence .  The  physical  decimalization  of  the 
sovereign  had  been  attempted  in  Eng- 
land by  the  issue  of  double  shillings, 
which  were  intended  to  supersede  half- 
crowns,  and  the  coinage  of  the  latter  was 
discontinued  for  many  years  ;  but  when 
they  became  scarce  the  public  asked  for 
a  further  supply,  and  got  them,  whereby 
the  decimal  system,  pure  and  simple,  was 
tacitly  abandoned,  but  at  the  same  time 
public  convenience  was  enhanced  by 
having  the  two  kinds  of  coin  instead  of 
only  one.  The  Latin  Monetary  conven- 
tion, in  its  present  form,  was  rather  in- 
tended to  reduce  the  circulation  of  a  to- 
ken coin,  the  franc  of  ftf£0  fine,  than  to 
facilitate  its  international  currency. 

Mr.  F.  Briffault  pointed  out  two  in- 
stances that  had  come  under  his  notice 
in  connection  with  two  foreign  water- 
works where  the  decimal  and  metric  sys- 
tems alone  were  used.  The  Brazilian 
Government  had  been  supplied  with 
95,000   tons    of    pipes  and   connections 


from  this  country  for  the  waterworks  of 
Kio  de  Janeiro,  this  quantity  being  di- 
vided between  four  manufactories.  The 
castings  were  all  weighed  in  kilograms, 
the  weighing  machines  having  been  made 
expressly  for  the  purpose.  A>t  first  the 
men  did  not  take  kindly  to  the  innova- 
tion, but  at  the  end  of  a  fortnight,  after 
finding  out  the  great  saving  of  trouble 
thereby  effected,  they  much  preferred  this 
system  to  the  British.  Having  only  to 
deal  with  one  unit  of  weight,  the  kilo- 
gram, the  numbers  were  at  once  read  off 
the  weighing  machine,  and  at  the  conclu- 
sion of  the  day's  work  the  columns  were 
added  up,  and  three  figures  pointed  off 
to  the  left  gave,  of  course,  the  total  in 
metric  tons.  Only  simple  addition  being 
necessary,  the  class  of  men  entrusted 
with  these  operations  could  do  their 
work  without  error,  whereas,  had  the 
weight  been  of  of  several  denominations, 
a  hopeless  muddle  would  have  arisen. 
At  the  termination  of  the  contract  there 
was  only  a  discrepancy  in  weight  between 
the  Government  authorities  and  the  con- 
tractors of  under  three  tons.  Consider- 
ing the  magnitude  of  the  undertaking, 
such  a  result  would  scarcely  have  been 
attained  had  British  measures  been  used. 
There  had  also  been  a  great  saving  of 
time  and  money  in  clerks'  salaries  by  the 
adoption  of  this  system,  in  the  two  and  a- 
half  years  employed  on  the  work.  In  the 
case  of  the  Constantinople  waterworks, 
similar  satisfactory  results  had  been  ob- 
tained by  the  use  of  the  decimal  system  ; 
but  in  Turkey  the  advantage  of  it  over  the 
British  system  was  even  more  marked. 
The  number  of  pipes  arriving  damaged 
and  cracked  in  transport  up  country  was 
very  great ;  they  had,  consequently,  to 
be  cut  on  the  spot  in  order  to  be  utilized, 
and  there  was  thus  a  great  variety  of 
of  lengths  to  deal  with.  To  weigh  the 
pipes  after  cutting  was  impossible,  for 
many  reasons,  so  the  reduced  lengths 
were  measured  in  meters  and  centime- 
ters, and  the  maximum  weight  allowed 
per  lineal  meter  being  fixed,  the  two  had 
but  to  be  multiplied  together,  and  the 
result  was  metric  tons  and  decimal  parts 
of  the  same.  With  feet  and  inches,  and 
tons,  cwts.,  qrs.,  and  lbs.,  a  vast  amount 
of  tedious  work  would  have  been  neces- 
sary, with  a  doubtful  result  as  to  its  cor- 
rectness. 

Mr.  W.  D.  Chapman  remarked  that  in 
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the  Standard  of  the  16th  of  December, 
1884,  there  appeared  a  leading  article  to 
the  effect  that  a  Dutch  company  could 
sell  Dutch  milk  in  London  "at  the  price 
of  2§d.  per  liter — or,  in  other  words,  at 
a  little  over  2d.  per  quart."  On  proceed- 
ing to  check  this  calculation,  he  found 
that  2|d.  per  liter  was  3^d.  per  quart — a 
difference  which  completely  disposed  of 
the  arguments  in  the  Standard.  He 
thought  that  many  practical  English 
farmers,  interested,  as  he  was,  in  Eng- 
lish dairy  farming,  had  been  misled  by 
Ihaving  to  assume  the  accuracy  of  the  er- 
roneous conversion  of  measures,  and  had 
needlessly  admitted  the  hopelessness  of 
competing  with  the  Dutch  company,  sim- 
ply because  the  want  of  an  international 
language  of  measurement  deceived  them 
as  to  the  facts  of  an  enterprise  affecting 
their  business.  This  was  merely  one  re- 
cent example  of  many  cases  where  Eng- 
lish business  had  been  fettered  and  Eng- 
lish business  men  deceived,  in  questions 
of  international  competition  where  meas- 
ures were  concerned. 

Mr.  John  Craig  observed  that  most 
of  the  advantages  and  disadvantages 
of  substituting  the  metric  system  of 
weights  and  measures  for  the  British 
system  had,  there  was  no  doubt,  been 
fully  entered  upon  and  discussed.  He 
wished  only  briefly  to  add  his  experience 
of  the  working  of  both  the  above  sys- 
tems, and  also  of  other  systems  in  vari- 
ous countries.  Great  weight  must  be  at- 
tached to  the  remark  in  the  paper  as  to 
the  position  held  by  England  and  the 
United  States  of  America  in  the  manu- 
facture of  engineering  machinery.  It 
was  generally  admitted  by  engineers  that 
any  violent  change  of  the  measures  now 
in  use  would  be  practically  impossible,  as 
far  as  this  branch  of  mechanical  engi- 
neering was  concerned ;  besides,  a  strong 
feeling  existed  among  many  mechanical 
engineers  against  any  change  ;  they  even 
asserted  that  British  measures  were,  for 
their  purposes,  better  than  any  others  in 
use.  No  such  feeling  existed  amongst 
civil  engineers ;  nor  would  interests  be 
affected  in  anything  like  the  same  degree 
if  the  metric  system  were  at  once  gener- 
ally adopted  in  connection  with  all  field 
and  office  work  undertaken  by  them,  for 
which  the  consent  of  Parliament  had  to 
be  obtained.  I  have  never  met  a  civil 
engineer  who  had  used  the  metric  system 


in  field  and  office,  on  railway  or  other 
public  work,  who  did  not  admit  its  great 
superiority  to  the  British.  If  his  expe- 
rience agreed  with  that  of  the  majority 
of  the  civil  branch  of  the  profession,  he 
submitted  that  steps  should  be  taken  to 
have  the  metric  system  allowed,  or  en- 
forced, on  all  public  works ;  its  use 
would  thus  become  known,  and  gradually 
extend,  and  the  way  prepared  for  the 
time  when  the  metric  system,  or  other 
system  based  on  somewhat  similar  prin- 
ciples, should  be  adopted  by  all  English- 
speaking  peoples.  Literature,  in  connec- 
tion with  all  branches  of  the  profession, 
would  soon  adapt  itself  to  a  new  order 
of  things.  It  had  been  said,  "To  ac- 
quire a  new  language  is  to  enter  upon  a 
new  world.''  The  advantages  a  British 
engineer  would  gain  by  a  literature  writ- 
ten in  terms  of  an  almost  universal  meas- 
ure with  which  he  was  familiar,  would 
be  great,  indeed.  The  advantages  de- 
rived from  the  nomenclature  of  the  met- 
ric system,  although  great  were,  he 
thought,  of  secondary  importance;  that 
was,  if  the  nomenclature  should  in  any 
way  prove  a  bar  to  the  system  coming  in- 
to general  use.  He  would  prove  a  bene- 
factor to  his  country  who  would  sug- 
gest some  good  plan  whereby  he  could 
retain  many  familiar  names  for  certain 
of  the  metric  dimensions.  The  adoption 
of  the  metric  system  in  India,  on  the 
Government  and  ptfblic  works,  so  far  as 
might  be  required  for  engineering  pur- 
poses, would  not  cause  much  inconve- 
nience, especially  if  time  were  given.  In 
most,  if  not  in  all  our  colonies,  the 
change  would  be  hailed  with  joy,  and 
would  form  a  not  unimportant  link  in 
the  chain  which  was  gradually  being 
forged,  to  bind  them  in  one  mighty  fed- 
eration with  the  mother  country.  In 
some  of  our  colonies  its  adoption  would 
do  away  with  the  difficulty  of  introduc- 
ing British  measures  amongst  peoples  un- 
der our  rule,  whose  system  of  weights 
and  measures  might  be  as  good  as  ours, 
and  whose  likes  and  dislikes  were  quite 
as  strong.  At  the  Cape,  for  example,  all 
railways  and  public  works  were  carried 
out  by  the  use  of  British  measures.  Land 
was,  however,  surveyed,  bought  and  sold 
by  Dutch  measurement.  The  colonial 
ton,  of  2,000  lbs.,  and  cwt.,  100  lbs., 
could  not,  he  thought,  with  advantage  be 
replaced  by  the  British  ton  and  cwt.     In 
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the  markets  of  the  country  the  measures 
were  most  confusing,  and  there  was 
certainly  great  need  for  reform.  To 
have  a  decimal  system  of  coinage  would 
no  doubt  facilitate  the  use  and  introduc- 
tion generally  of  the  metric  system. 
The  great  convenience  of  a  decimal  system 
of  coinage  could  only  be  fully  realized  by 
those  of  our  countrymen  who  had  resided 
for  a  time  in  a  country  where  such  a 
system  was  in  use.  He  feared,  however, 
the  opposition  to  change  would  be  very 
great.  Time  could  not  not  be  given  for 
it  to  come  gradually  into  use,  and  a 
change,  when  made,  must  be  compulsory 
on  all.  He  did  not  think  our  accounts 
would  ever  be  kept  in  pounds  sterling 
and  mils.  The  pound  sterling  must  al- 
ways remain,  but  florins  and  cents  could 
easily  be  substituted  for  shillings  and 
pence,  and  the  British  penny  might  still 
remain  a  force  in  the  land,  in  name  and 
appearance.  Accounts  kept  in  the  above 
way  would  effect  a  saving  of  20  per  cent, 
in  the  number  of  figures  required  on  a 
page  of  a  written-up  ledger,  to  say  noth- 
ing of  the  advantages  in  other  ways. 

Professor  J.  D.  Everett  agreed  with 
the  author  in  thinking  that  the  adoption 
of  the  metric  system  of  measures  and 
weights  would  be  a  great  benefit,  by  ef- 
fecting a  saving  of  a  vast  amount  of  use- 
less labor.  The  case  had,  he  thought, 
been  fairly  and  clearly  stated  in  the 
paper.  He  was  glad  to  find  one  point 
insisted  on  which  had  often  been  over- 
looked, namely  the  facility  which  a  deci- 
mal system  afforded  for  logarithmic  cal- 
culation. The  remark  must  be  extended 
not  only  to  the  use  of  tables  of  logar- 
ithms, but  to  the  use  of  logarithmic 
scales,  such  as  the  slide  rule  in  its  ordi- 
nary form,  or  in  the  circular  form, 
or  in  the  parallel-column  form  em- 
ployed in  his  "  Proportion  Table," 
or  in  the  helical  form  which,  in  Pro- 
fessor Fuller's  "Spiral  Slide  Kule," 
admitted  of  working  to  five  places  of  fig- 
ures. He  concurred  in  the  importance 
of  speedily  decimalizing  the  British 
money  reckoning  and  coinage.  Any  par- 
tial decimalization  of  the  coinage,  not 
carried  far  enough  to  admit  of  keeping 
accounts  decimally,  was  of  no  advantage. 
In  his  opinion  the  arrangement  that 
would  least  disturb  existing  prices  would 
be  to  decimalize  upwards  from  the  far- 


thing, because  every  sum  of  moner,  ac- 
cording to  present  reckoning,  would  have 
an  exact  equivalent  in  the  new  reckoning, 
whereas  the  present  penny  and  halfpenny 
would  have  no  exact  equivalents  in  a 
system  decimalized  downwards  from  the 
pound  sterling.  But  a  minimum  of  dis- 
turbance was  not  the  only  considera- 
tion. 

He  was  in  favor  of  neither  of  the  sys- 
tems above  compared,  but  had  for  many 
years  held  the  opinion  that  the  best  sys- 
tem to  adopt  would  be  the  American  sys- 
tem of  dollars  and  cents.  When  travel- 
ing in  America  many  years  ago  he  was 
greatly  struck,  not  only  with  the  facility 
afforded  for  calculation,  but  with  the  ex- 
treme convenience  of  the  coinage.  An 
abundance  of  change  for  all  sorts  of  pur- 
chases could  be  carried  without  burden- 
ing the  pocket,  and  though  a  stranger, 
he  could  count  his  change  with  as  much 
ease  as  in  his  own  country,  and  with 
much  more  ease  than  in  France,  notwith- 
standing that  the  coinage  there  was  like- 
wise decimal.  He  claimed  that  the 
American  system  was  more  economical 
of  space  in  account  books  than  either 
the  French  system  or  a  decimalized 
system  founded  on  the  pound  ster- 
ling. It  started  from  the  cent  (about 
a  halfpenny)  as  the  unit  in  the  right-hand 
column.  A  decimalized  system,  founded 
on  the  pound  must  start  from  the  mil  as 
the  unit  in  the  right-hand  column ;  for 
the  hundredth  of  a  pound  (2£d.,  nearly) 
was  too  large  for  less  sums  to  be  ignored. 
The  pound  would  therefore  be  the  unit 
in  the  fouith  column  from  the  right  hand, 
and  space  must  be  left  for  three  columns 
to  the  right  of  it.  In  the  American  system 
only  two  columns  were  wanted  to  the 
right  of  the  dollar  column,  so  that  the 
unit  in  the  fourth  column  from  the  right 
hand  was  ten  dollars.  This  was  rather 
more  than  two  pounds  sterling,  and  thus 
with  a  given  number  of  columns  twice  as 
large  a  sum  could  be  expressed  in  the 
American  system  as  in  the  pound  and  mil 
system.  The  disturbance  of  prices  would 
be  much  less  than  in  the  pound  and  mil 
system,  for  100  cents  were  4s.  IJd.,  and 
100  halfpence  were  4s.  2d.  The  differ- 
ence between  a  cent  and  a  halfpenny  was, 
,  therefore  1  part  in  100,  whereas  the  dif- 
ference between  a  mil  and  a  farthing  was 
4  parts  in  100.  He  thought  the  import- 
ance of  adhering  to   the  pound    sterling 
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in  its  exactitude  had  been  greatly  exag- 
gerated, and  he  believed  that  no  confu- 
sion would  be  introduced  in  foreign  rela- 


tions by  making  payments  in  five -dollar 
gold  pieces,  each  worth  £1  Os.  7^d.,  in- 
stead of  in  sovereigns,  as  hitherto. 


A  SUGGESTION  IN  SEWAGE  PURIFICATION. 


From  "The  Builder. 


An  experiment  has  recently  been  made 
by  a  scientific  man  at  Buxton,  which  may 
possibly  exert  an  important  influence 
with  regard  to  the  disposal  of  sewage. 
Nor  is  it  a  theoretic  discovery  alone. 
Works  have  been  erected,  at  the  cost  of 
£4,000,  for  the  treatment  of  the  sewage 
of  Buxton  (which  varies  in  quantity  from 
200,000  to  1,000,000  gallons  per  diem), 
by  the  process  to  be  described  ;  and  on 
the  9th  of  April  the  Buxton  Sewage 
Works  at  Ashwood  Dale  were  formally 
opened,  and  the  occasion  was  duly  cele- 
brated by  a  public  dinner. 

The  Rivers  Pollution  Commissioners 
have  for  some  time  past  insisted  that 
measures  should  be  taken  by  the  Local 
Board  of  Buxton  to  rid  the  Wye  of  the 
poisonous  contents  of  the  drains.  In  the 
case  of  a  town  chiefly  known  as  a  health 
resort,  the  subject  assumed  even  more 
than  usual  importance,  and  a  deputation 
of  the  Local  Board  took  the  wise  step  of 
visiting  various  sewage  works,  of  which 
the  principles  had  been  recommended 
for  their  adoption.  They  went  to  Bir- 
mingham, where  they  found  a  sewage 
farm,  and  also  a  long  series  of  tanks,  and 
pronounced  the  system  a  failure.  No 
fish  would  live  in  the  water.  They  went 
to  Bilston  where  the  filtration  system  has 
been  adopted.  It  was  not,  however,  sat- 
isfactory. They  also  visited  Coventry, 
where  they  saw  the  operation  of  the 
grinding  machines  on  what  is  called  the 
black-ash  system,  in  whicn  sulphuric 
acid  is  used.  That  they  considered  the 
best  system  they  had  seen.  At  Leaming- 
ton they  saw  an  immense  sewage  farm, 
for  the  effluent  of  which,  produced  at  a 
cost  of  £1,100,  £400  was  received.  This 
they  regarded  as  a  heavy  loss,  and  a  plan 
that  would  not  answer  at  all.  They 
visited  Hertford,  where  phosphate  of 
alumina  is  produced  by  the  Phosphate 
Manure  Company.  That  plan,  they 
found,  would  cost  8d.  or  9d.  in  the  pound 


on  the  rates,  if  applied  at  Buxton.  It 
does  not  appear  from  the  report  under 
what  conditions  Dr.  Thresh  was  called  in 
to  advise;  but  this  gentleman,  in  the 
course  of  experiments  made  from  time 
to  time  as  to  the  defecation  of  sewage, 
was  led  to  examine  the  water  flowing 
from  an  old  coal  pit,  which  ran  to  waste 
in  the  Wye,  disfiguring  the  public  gar- 
dens of  Buxton  by  its  course  through 
them.  This  water  is,  in  fact,  a  strong 
chalybeate  spring.  It  contains  salts  of 
iron,  aluminium,  sodium,  calcium,  and 
magnesium,  chiefly  as  sulphates,  but  a 
considerable  portion  of  the  iron  is  in  the 
form  of  a  carbonate  held  in  solution  by 
carbonic  acid.  From  1.2  to  2.4  grains  of 
metallic  iron  occur  in  the  gallon  of  this 
water. 

The  effect  of  this  iron  water  on  the 
sewage  is  remarkably  prompt.  The 
method  adopted  has  been  to  mix  with 
this  natural  water  a  certain  proportion  of 
milk  of  lime,  and  then  to  allow  it  to  mix 
with  two  or  three  times  its  volume  of 
sewage.  By  agitating  gently,  a  floccu- 
lent  precipitate  forms  and  rapidly  settles, 
leaving  the  supernatant  fluid  beautifully 
clear.  Analyses  made  by  Sir  Henry  Ros- 
coe  at  Owens  College  are  appended  to 
the  report  of  Dr.  Thresh,  from  which  we 
abstract  these  particulars. 

Additional  interest  attaches  to  this 
method,  from  the  fact  that  its  principle 
is  much  the  same  as  that  first  applied  at 
Antwerp  by  Professor  Bischof  to  the  pu- 
rification of  the  waters  of  the  River 
Nethe  by  passing  them  through  a  mix- 
ture of  spongy  iron  and  gravel.  The  ef- 
fect of  iron  in  the  destruction  of  organic 
matter  suspended  in  water  has  thus  not 
only  been  previously  known,  but  the 
plan  has  been  acted  on,  on  a  consider- 
able scale,  at  the  Antwerp  Waterworks. 
In  1878  Mr.  Bischof,  as  appears  from  the 
proceedings  of  the  Royal  Society,  advo- 
cated the  use  of  finely-divided  or  spongy 
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iron  as  a  medium  for  the  filtration  of 
water.  It  was  demonstrated,  according 
to  Dr.  Frankland,  that  filtration  through 
spongy  iron  destroyed  much  of  the  or- 
ganic impurity,  removed  color,  precipi 
tated  finely-suspended  solid  matter,  and, 
above  all,  destroyed  the  germs  of  putre- 
faction, and  probably  those  of  all  kinds 
of  epidemic  disease.  In  1879  a  filtering 
apparatus  was  erected  at  Waelhem  for 
the  filtration  of  the  water  of  the  Nethe. 
A  cast-iron  tank,  18  ft.  6  in.  square  and 
11  ft.  deep,  was  coated  at  the  bottom 
with  cement  concrete,  covered  with  bricks 
on  edge.  On  the  bricks  was  laid  a  mix- 
ture of  three  parts  of  gravel  with  one 
part  of  spongy  iron,  3  ft.  thick,  which 
was  covered  with  18  in.  of  fine  sand  from 
the  Meuse.  A  second  filter  of  a  similar 
kind  was  placed  at  a  lower  level,  so  as  to 
receive  the  water  that  had  passed  through 
the  first.  The  results  were  so  satisfac- 
tory that  large  works  were  undertaken,  a 
description  of  which  will  be  found  in 
Vol.  72  of  the  Proceedings  of  the  Insti- 
tution of  Civil  Engineers.  After  eigh- 
teen months'  experience  it  was  stated  at 
the  Conference  on  Water  Supply,  held  at 
the  International  Health  Exhibition  of 
1884,  by  Mr.  Anderson,  M.  Inst.  C.  E., 
that,  as  far  as  the  purification  of  the 
water  went,  Professor  Bischof's  process 
left  little  to  be  desired,  but  that  the 
working  of  the  system  had  been  costly. 

The  increasing  demand  for  water  ren- 
dering extension  of  these  works  neces- 
sary, Mr.  Anderson,  M.  Inst.  C.  E.,  whose 
duty  it  became  to  advise  the  directors  of 
the  waterworks,  made  an  experiment,  sug- 
gested by  Sir  F.  Abel,  on  the  principle 
of  passing  iron  through  the  water,  instead 
of  passiog  water  over  the  spongy  iron. 
Mr.  Anderson  constructed  a  revolving 
cylinder,  4  ft.  6  in.  in  diameter,  and  5  ft. 
6  in.  long,  which  was  furnished  with  in- 
let and  outlet  pipes,  and  also  contained 
shelves  or  ledges  for  scooping  up  the 
iron  used,  raising  it  to  the  top  of  the  cyl- 
inder by  the  rotary  motion,  and  thus 
letting  it  fall  through  the  water.  Eun- 
ning  water  through  this  cylinder  at  12 
gallons  per  minute,  which  gives  a  contact 
of  about  45  minutes,  Mr.  Anderson 
found  the  water  to  be  very  heavily 
charged  with  iron.  At  a  flow  of  30  gal- 
lons per  minute,  1.20  grains  of  iron  were 
dissolved  per  gallon,  which  was  twelve 
times  as  much  as  the  experience  at  Ant- 


werp had  shown  to  be  necessary.  At  60 
gallons  per  minute  0.9  grain  per  gallon 
was  dissolved.  The  result  of  the  trial 
proving  thus  successful,  the  revolver  was 
sent  to  Antwerp,  fitted  with  large  pipes, 
which  sent  166  gallons  per  minute 
through  it,  and  has  been  at  work  there 
ever  since. 

Thus  the  history  of  the  application  of 
iron  to  the  purifiation  of  water  comprises 
a  number  of  independent  experiments 
and  discoveries,  made  by  different  men. 
More  than  twenty-five  years  ago  Dr.  Med- 
lock  and  Mr.  Quick,  C.  E.,  made  a  num- 
ber of  experiments  on  the  purification  of 
Thames  water  by  metallic  iron.  The 
water  of  the  river  at  Battersea  was  left 
in  contact  with  iron  wire  and  plates  in 
a  large  tank,  for  twenty-four  hours,  and 
the  improvement  in  quality  was  very 
marked.  It  is  well  known  to  naval  of- 
ficers (and  has  been  mentioned  in  the  col- 
umns of  the  Builder)  that  water  stored 
in  iron  tanks  that  have  been  whitewashed 
inside  becomes  remarkably  pure  and 
sparkling,  and  that  the  vapidity  of  dis- 
tilled water  is  removed  by  such  storage. 
The  Antwerp  filters  represent '  a  further 
step  in  the  same  direction,  although  the 
propriety  of  the  mixture  of  gravel  with 
spongy  iron  has  been  called  in  question. 
Sir  F.  Abel's  suggestion  is  marked  by 
extreme  elegance  ;  as  the  weak  point  of 
all  filters,  that  of  becoming  choked 
by  their  own  action,  is  avoided  by  the 
very  ingenious  reversal  of  the  usual 
method  of  producing  contact  with  the 
metal.  A  no  less  original  step  has  been 
taken  by  Dr.  Thresh,  and  the  review  of 
the  advance  made  in  twenty-five  years 
leads  to  the  conclusion  that  much  yet 
may  be  done  towards  the  perfecting  of 
the  use  of  iron  as  a  purifier  of  water. 

Dr.  Frankland,  an  unquestionable  au- 
thority on  the  point,  states  that  bacteria, 
which  are  indestructible  by  an  atmos- 
phere of  pure  oxygen,  of  carbonic  acid, 
of  nitrogen,  of  sulphurous  acid  and  of 
cyanogen,  are  killed  by  a  short  contact 
with  iron.  As  all  the  known  forms  of 
bacteria  are  affected  in  the  same  way,  it 
is  thus  probable  that  all  forms  of  bacte- 
rial life  will  be  thus  destroyed,  and  iron 
is  the  only  known  substance  which  pro- 
duces this  effect.  Thus  far,  therefore, 
the  progress  of  the  application  of  iron 
may  be  taken  as  highly  promising. 

Several  questions,  however,  remain  for 
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solution.  Mr.  Anderson,  Dr.  Frankland, 
and  other  authorities,  describe  the  action 
of  iron  as  rapidly  destructive  of  organic 
as  well  as  of  organized  matter.  In  the 
case  of  the  water  of  the  Nethe,  which 
is  very  impure,  a  contact  of  nine  min- 
utes is  enough  to  dissolve  0.9  grain  of 
metallic  iron  per  gallon,  and  a  contact  of 
three  minutes  and  a-half,  which  presum- 
ably will  not  dissolve  much  more  than 
0.3  grain  per  gallon,  is  found  to  be  more 
than  adequate  to  effect  purification  from 
organic  suspended  matter.  Indeed,  the 
waste  of  iron  during  thirty- three  days  is 
stated  at  0.176  grains  per  gallon  of  water 
run  through  the  cylinder.  Dr.  Thresh,  how- 
ever, speaks  not  so  much  of  destruction 
as  of  precipitation,  and  even  says  that  100 
parts  of  dry  residue  from  the  Buxton 
tanks  contains  fifty  per  cent,  of  organic 
matter.  The  difference  is  cardinal.  But 
the  Burbage  chalybeate  water  contains, 
together  with  from  1.2  to  2.4  grains  of 
iron  per  gallon,  fifty  grains  of  mixed 
crystalline  sulphates.  It  is  thus  evident 
that  when  to  this  heavy  proportion  of 
mineral  matter  is  added  the  milk  of  lime 
thrown  in  to  hasten  precipitation,  the 
total  amount  of  sludge  formed  must  be 
far  in  excess  of  the  inorganic  elements  of 
the  sewage.  It  is  in  the  mass  of  sludge 
that  has  in  some  way  to  be  got  rid  of 
that  the  essential  weakness  of  all  precipi- 
tation processes  lie.  In  the  present  case 
it  is  intended  simply  to  cart  away  the 
sludge  in  a  moist  state,  and  put  it  on 
land  belonging  to  the  Board.  This  mode 
of  disposal,  as  Dr.  Thresh  justly  remarks, 
cannot  go  on  for  ever,  and  sale  of  the 
sludge  for  manure  is  evidently  looked 
forward  to  as  a  resource.  Indeed,  the 
presence  of  so  large  a  portion  of  organic 
matter  in  the  dry  residue  is  evidently  re- 
garded as  increasing  the  stimulating 
value  of  the  manure.  Now,  it  is  on 
the  rock,  or  rather  the  quicksand,  of 
the  profitable  disposal  of  the  residua 
of  city  life  that  most  of  the  schemes 
for  sewage  disposal  have  hitherto 
foundered.  The  true  chemical  value 
of  the  contents  of  sewage  is  so  low  as 
hardly  ever,  if  at  all,  to  be  worth  the 
cost  of  extraction.  And  the  other  mate- 
rials, put  in  as  precipitants,  or  added  to 
"  fortify  "  the  manure,  can  usually  be  ap- 
plied much  better  in  their  natural  state 
to  agriculture  than  as  constituents  of  the 
heavy  and  unmanageable  sludge.     As  far, 


then,  as  precipitation  of  organic  matter 
takes  the  place  of  destruction,  and  as  the 
addition  of  lime  to  the  heavy  chemical 
charge  of  the  chalybeate  water  is  required 
the  results  which  may  be  expected  from 
the  Buxton  process  by  no  means  come 
up  to  what  we  think  may  yet  be  se- 
cured from  the  brilliant  discovery  of  Dr. 
Thresh. 

The  works  recently  opened  have  been 
constructed  by  Mr.  Joseph  Hague,  A.  M. 
Inst.  C.  E.,  the  Town  Surveyor  of  Bux- 
ton. The  chalybeate  water  is  conveyed 
by  gravitation  through  earthenware  tubes, 
with  joints  of  jute,  spun  yarn,  and  ce- 
ment, from  a  disused  colliery  at  the  foot 
of  the  Axe  Edge  Hills  for  a  distance  of 
over  two  miles.  It  then  enters  a  tank  at 
the  rear  of  the  liming  rooms  adjoining 
the  works,  which  are  situated  between 
the  river  Wye  and  the  Midland  Kail  way, 
in  Ashwood  Dale.  A  series  of  flushing 
chambers,  supplied  with  penstocks,  is  in- 
troduced at  suitable  places  along  the 
route,  with  a  view  to  supplying  the  carts 
for  street  watering. 

The  liming  and  mixing  rooms  are 
erected  over  the  River  Wye,  on  a  semi- 
circular stone  arch,  the  liming-room  floor 
being  on  a  level  with  the  adjoining  high- 
way, and  connected  with  a  siding  on  the 
Midland  Railway  by  a  tramway.  One  of 
Messrs.  Bowes,  Scott  &  Read's  liming 
machines  supplies  a  cistern  of  800  gal- 
lons capacity,  which  is  provided  with  an 
agitating  apparatus.  The  machinery  is 
driven  by  an  overshot  waterwheel,  16  ft. 
in  diameter  and  3  ft.  wide,  driven  by 
water  derived  from  the  River  Wye. 

Outside  the  liming  and  machinery 
rooms  are  duplicate  brick  tanks,  into 
which  the  main  outfall  sewer  discharges. 
The  tanks  are  furnished  with  wrought - 
iron  screening-wagons,  for  the  purpose 
of  abstracting  the  solid  and  floating 
matter,  which  is  estimated  at  75  per 
cent,  of  the  whole  sediment.  After  pass- 
ing through  the  screening  wagons,  the 
sewage  runs  through  a  brick  conduit 
into  a  circular  water  chamber,  furnished 
with  horizontal  paddles,  where  the  iron, 
lime  and  sewage,  are  thoroughly  mixed  ; 
thence  the  mixtures  flows  to  the  settling- 
tanks,  the  series  of  which  is  266  ft.  long 
by  73  ft.  wide,  built  of  brick  in  cement, 
with  concrete  bottoms.  The  bottom  of 
each  tank  is  an  inclined  plane,  3  ft.  6 
in.  lower  at  the  entrance  than  at  the  exit 
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end,  an  arrangement  that  lias  been  found 
fully  adequate  to  retain  the  deposited 
sludge.  After  passing  through  the 
tanks  the  effluent  water  finally  escapes 
over  a  weir,  and  so  into  the  river.  It  is 
stated  that  the  cost  of  the  erection  and 
maintenance  of  the  works  will  be  cov- 
ered by  a  rate  of  If  d.  in  the  pound. 

The  interest  locally  taken  in  this 
undertaking  is  very  great,  and  the  good 
example  set  by  the  Local  Board  of  Bux- 


ton in  visiting  the  sites  of  the  various 
works  suggested  to  them  for  imitation 
cannot  be  too  well  known.  The  plan 
may  prove,  however,  to  have  much  more 
than  a  local  interest.  Chalybeate  water 
is  of  rare  occurrence,  and  it  is  impossible 
that  the  exact  conditions  utilized  by  the 
skill  of  Dr.  Thresh  and  Mr.  Hague  may 
be  unique.  But  the  attention  that 
these  works  will  cause  to  be  given  to 
the  use  of  iron  as  a  purifier  has  a  wider 
scope. 


THE  SECOND  LAW  OF  THEEMODYNAMICS.     " 
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By  J.  BURKITT  WEBB,  Professor  at  Stevens  Institute,  Hoboken,  N.  J. 
Contributed  to  Van  Nostrand's  Engineering  Magazine. 


The  second  law  of  thermodynamics 
will  be  the  subject  of  this  address,  and 
its  object  will  be  to  make  clear  what  that 
law  is,  and  to  show  that  Rankine's  state- 
ment of  it  is  the  only  correct  one,  and 
that  it  is  entirely  comprehensible  and 
easily  demonstrable.  After  calling  your 
attention  to  some  statements  as  to  this 
law,  and  as  to  Rankine's  way  of  putting 
it,  no  apology  will  be  necessary  for  the 
choice  of  a  subject,  which  ought  already 
to  have  been  fully  and  satisfactorily  set- 
tled. 

Professor  Tait,  quoting  from  Clerk- 
Maxwell,  says :  "  .  .  .  but  when  we 
come  to  Kankine's  '  Second  Law  of  Ther- 
modynamics'  we  find  that  ...  its 
actual  meaning  is  inscrutable. 

" '  The  Second  Law  of  Thermody- 
namics.— If  the  total  actual  heat  of  a 
homogeneous  and  uniformly  hot  sub- 
stance be  conceived  to  be  divided  into 
any  number  of  equal  parts,  the  effects  of 
those  parts  in  causing  work  to  be  per- 
formed are  equal.' 

"  We  find  it  difficult,  even  in  1878,  to 
attach  any  distinct  meaning  to  the  total 
actual  heat  of  a  body,  and  still  more  to 
conceive  this  heat  divided  into  equal 
parts,  and  to  study  the  action  of  each  of 
these  parts;  but  as  if  our  powers  of 
deglutition  were  not  yet  sufficiently 
strained,  Rankine  follows  this  up  with 
another  statement  of  the  same  law,  in 


which  we  have  to  assert  our  intuitive  be- 
lief that— 

"  'If  the  absolute  temperature  of  any 
uniformly  hot  substance  be  divided  into 
any  number  of  equal  parts,  the  effects  of 
those  parts  in  causing  work  to  be  per- 
formed are  equal.' 

"  The  student  who  thinks  that  he  can 
form  any  idea  of  the  meaning  of  this 
sentence  is  quite  capable  of  explaining, 
on  thermodynamic  principles,  what  Mr. 
Tennyson  says  of  the  great  Duke — 

'  Whose  eighty  winters  freeze  with  one  rebuke 
All  great  self-seekers  trampling  on  the  right.'  "  * 

With  all  respect  for  the  eminent  phys- 
icist who  gave  this  challenge,  I  would 
rather  be  responsible  for  these  state- 
ments of  the  second  law  than  for  that 
with  reference  to  his  now  celebrated 
"  demon."  "  He  will  thus  without  expen- 
diture of  work  raise  the  temperature  of 
B  and  lower  that  of  A,  in  contradiction 
to  the  second  law  of  thermodynamics."! 

Clausius  gives  as  the  "  Second  Funda- 
mental Principle  of  the  Mechanical 
Theory  of  Heat " — "  Heat  cannot  of  it- 
self flow  from  a  colder  to  a  warmer 
body,"  and  then  applies  it  in  thermo- 
dynamic  investigations,  and   essentially 


*  "  Miscellaneous  Scientific  Papers  :  with  Memoir  of 
Rankine,"  by  P.  G.  Tait,  M.  A.  London,  1881.  Page 
30  of  Memoir. 

+  "Theory  of  Heat:"  by  J.  Clerk-Maxwell,  M.  A. 
London,  1877.  Page  328.  (A  and  B  stand  for  two  por- 
tions of  a  uniformly  hot  and  dense  gas  separated  from 
each  other  by  a  thin  wall.) 
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this  statement,  perhaps  because  of  its 
inviting  nature,  is  given  in  some  of  its 
many  forms  by  numerous  authors  as  the 
second  law  of  thermodynamics  ;  now  it 
may  be  a  law  in  the  general  theory  of 
heat  but  not  in  thermodynamics,  which 
treats  of  the  relations  between  heat  and 
mechanical  energy.*  This  is  a  very 
different  statement  from  Rankine's  ;  it  is 
simple  and  plausible — deceptively  so — and 
amounts  to  a  statement  that  the  universe 
is  running  down,  which  is  by  no  means 
axiomatic  or  easily  demonstrable. 

The  formula  for  the  maximum  efficiency 
of  a  heat-engine  is  sometimes  given  as 
the  second  law  of  thermodynamics  ;  but 
this  is  a  consequence  only  of  that  law 
and  of  the  form  in  which  any  continuously 
acting  heat-engine  must  necessarily  be 
built.  Rankine  calls  this  the  "  law  of  the 
efficiency  of  elementary  thermodynamic 
engines,"  and  the  manner  in  which  it  re- 
sults from  his  second  law  is  simple  and 
evident ;  it  is,  however,  more  frequently 
made  to  depend  upon  Clausius's  funda- 
mental principle,  or  its  equivalent,  by  an 
argument  based  upon  the  fact  that  a  per- 
fect heat-engine  is  reversible,  and  a  sig- 
nificant remark  of  Professor  H.  T.  Eddy's 
is  to  be  noted  here.  "...  The 
necessity  for  the  existence  of  the  second 
law  is  to  afford  a  basis  for  Carnot's  prin- 
ciple, and  any  truth  which  affords  such  a 
basis  is  called  the  second  law."  |  This  is 
anything  but  a  dignified  role  for  a  law  of 
nature,  which  should  never  hold  a  posi- 
tion except  in  its  own  right,  and  the  for- 
mulae of  thermodynamics  should  not  be 
made  to  depend  upon  truths  chosen  in 
this  way. 

A  discussion  of  the  various  forms  of 
the  argument  referred  to  would  occupy 
too  much  space  to  form  a  part  of  this 
address ;  it  may,  however,  be  made  the 
subject  of  a  future  paper.  It  is,  how- 
ever, to  be  remarked  that  the  efficiency 
formula  can  be  proved  equally  well  on 
the  supposition  that  heat  will  not  flow  of 
itself  from  a  hot  body  to  a  cold  one,  or 
even  that  it  will  not  flow  in  either  direc- 
tion,— we  have  only  to  reverse  the  pair 
of  connected  engines  in  the  one  case,  or  to 
run  them  in  either-  direction  in  the  other, 
to  show  the  efficiency  formula  to  be  as 


*  See  Rankine's  "Steam  Engine."  Pages  223  and 
299. 

t  "  Thermodynamics,"  by  VEL.  T.  Eddy,  C.  E.,  Ph.  D. 
New  York,  1879.    Page  18. 


correct  as  the  hypothesis.  It  follows, 
therefore,  that  the  truth  of  this  formula 
is  reflected  in  no  degree  upon  the  hy- 
pothesis of  Clausius,  and,  further,  this 
second  fundamental  principle,  while  it 
may  be  true,  has  nothing  to  do  with  the 
second  law  of  thermodynamics,  as  given 
by  Rankine,  except  in  such  way  as  all 
natural  phenomena  may  be  connected. 
We  may  add  also  that  the  necessity  for 
this  form  of  argument  has  greatly  dimin- 
ished, perhaps  disappeared,  since  Car- 
not's time,  the  discovery  of  the  nature  of 
heat  having  furnished  us  with  the  means 
of  deducing  the  second  law  directly  from 
a  consideration  of  its  action. 

The  preference,  too,  should  always  be 
given  to  the  proof  which  is  direct,  and 
which  exhibits  the  mechanism  of  nature 
— which  follows  her  straight  path  and 
reveals  her  steps.  The  reductio  ad 
absurdum  and  other  indirect  arguments 
should  only  be  used  tentatively  until  the 
direct  chain  of  evidence  may  be  traced, 
and  no  scientific  mind  should  be  satisfied 
with  a  demonstration  which  would  com- 
pel belief  without  removing  apparent 
objections. 

There  is,  however,  much  evidence,  be- 
sides that  furnished  by  Professor  Tait, 
that  Rankine  is  not  understood ;  his 
statements  are  either  copied  verbatim, 
without  explanation,  or  modified  in  a 
way  to  make  this  evident.  But  Rankine 
is  not  so  much  to  blame  ;  statements  on 
well-understood  subjects  are  often  in 
themselves  quite  unintelligible,  and  in 
new  fields,  words  and  phrases  are  not 
always  at  hand  to  completely  express 
new  ideas.  Language  is  meant  to  excite 
and  direct  the  imagination,  and  rarely 
does  a  form  of  words,  when  first  heard, 
convey  a  definite  and  correct  meaning 
unless  the  imagination  meets  it  with 
pictures  of  all  possible  ways  in  which  it 
may  apply.  Sometimes  even  it  is  neces- 
sary to  understand  the  subject  before 
statements  in  regard  to  it  can  be  appreci- 
ated, and  I  confess  that  until  I  had 
worked  up  this  subject  myself  Rankine's 
statements  were  troublesome  ;  now,  how- 
ever, they  seem  so  reasonable  that  I  shall 
endeavor  to  lead  you  to  the  same  opinion 
and  to  convince  you  that  of  the  three 
statements  to  which  reference  has  been 
made,  only  Rankine's  is  indeed  the  sec- 
ond law  of  thermodynamics. 

Let  us  inquire  first  what  we  should 
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expect  for  the  second  law  after  the  first 
law  has  stated  that  heat  and  work  are 
mutually  convertible  and  convertible  in  a 
fixed  ratio.  It  is  manifestly  appropriate 
that  the  second  law  state  the  agency  by 
which  such  a  conversion  may  be  effected, 
and  also  the  rate  at  which  it  will  proceed.  I 
To  my  classes  in  this  subject  I  have 
for  two  or  three  years  past  given  the 
following  statement  of  the  second  law  :  — 

A  quantity  of  heat,  W,  may  be  em- 
ployed as  an  instrument  for  the  conver-  \ 
sion  of  another  quantify  of  heat,  W,  into 
icork,  or  for  the  conversioji  of  a  quantity 
of  work,  A,  into  heat,  and  the  converted] 
quantity  will  be  proportio)ied  to  the  con-  \ 
vertor  quantity  for  a  given  change  of 
volume  or  of  entropy. 

To  realize  the  meaning  of  this  state 
inent,  let  us  imagine  the  simplest  physical 
air-engine ; — we  need  no  fly-wheel,  valves. 
etc..  but  simply  a  vertical  cylinder  of  in- ' 
finite  height  and  unit  section  with  non-  J 
conducting  walls :    the  cylinder   bottom 
must  be  permeable  to  heat  and  the  non-  i 
conducting  piston  must  be  loaded  with  a 
pressure  varying  so  as  to  be  always  but 
a  differential  less  than  the  gaseous  press- 
me  beneath  it.     If  we  fix  a  finite  limit 
to  the  total  amount  of  heat  which  the 
engine  shall  be  capable  of  transforming 
into  work,  then  the  height  of  our  cylinder 
need  not  be  infinite. 

But  this  is  no  more  than  the  shell  of 
the  engine  : — we  will  suppose  the  piston 
to  be  at  such  a  point  that  the  cylinder 
shall  have  a  volume  of  one  cubic  unit, 
and  we  will  now  put  in  it,  say  one  unit  I 
of  mass  of  the  molecules  of  a  perfect 
gas  ; — the  molecules  may  be  supposed  to 
be  lying  on  the  bottom,  like  dust,  or  they 
may  be  equally  distributed  through  the 
space,  as  in  any  gas,  but  they  will  be  de- 
void of  motion.  We  have  now  added 
the  muscles,  perfect  in  all  respects,  ex- 
cept that  they  are  dead,  and  our  engine 
is  no  more  capable  of  performing  its 
functions  than  would  be  a  dead  crab  or 
lobster.  The  engine  is  not  capable  of 
transforming  heat  into  work,  for  the 
reason  that  the  agent  by  which  such  a 
transformation  may  be  effected  is  not  \ 
present ;  the  space  exists  through  which 
the  piston  may  move,  but,  inasmuch  as 
the  molecules  exert  no  pressure  against 
the  piston,  there  can  be  no  question  of 
work.     Work  is  the  product  of  force  into 


space,  and  one  factor,  the  characteristic 
one,  is  here  wanting. 

To  obtain  the  needed  pressure  we 
must  heat  the  molecules  of  the  gas  to  the 
absolute  temperature  r,  i.  e.,  we  must 
store  in  the  molecules  an  amount  of  kin- 
etic energy  proportional  to  r,  and  calcu- 
lation shows  that  the  pressure  per  square 
unit,  which  will  then  result  from  the  re- 
bounding of  the  molecules  from  the 
piston  and  walls  of  the  cylinder  will  be 
proportional  to  this  amount.  It  will  also, 
should  the  volume  be  increased  by  chang- 
ing the  position  of  the  piston  be  inversely 
proportional  to  that  volume.  In  the 
ordinary  formula  which  connects  the 
volume,  pressure  and  temperature  of  a 
perfect  gas, 

pv=Hr, 

we  have  but  to  suitably  change  the  value 
of  R,  say  to  R',  to  be  able  to  write 

£>y  =  R'W', 

where  p  and  v  are  the  same  pressure  and 
volume  as  before,  R'  a  new  constant  and 
W'  the  convertor  quantity  of  energy,  re- 
ferred to  in  the  law  as  given  above,  and 
which  we  have  stored  up  in  the  mass  of 
the  molecules  to  act  as  the  agent  or 
instrument  for  the  conversion  of  heat  into 
work  or  vice  versa. 

I  wish  to  emphasize  this  point : — the 
engine  consists  of  mass  and  energy,  and 
this  mass  is  divided  into  two  portions — 
the  metallic  parts  of  the  engine,  which 
are  made  in  the  machine  shop,  and  the 
molecular  masses,  which  we  will  suppose 
to  be  supplied  in  the  physical  laboratory. 
The  animal  is  not  perfect  without  life,  it 
is  not  an  animal  and  cannot  perform 
the  functions  of  one,  and  so  it  is  this 
stored-up  energy,  which  is  the  real  agent 
in  the  engine,  and  without  which  the 
engine  may  be  said  not  to  exist.* 

Let  us  now  see  what  is  Rankine's  last 
and  most  general  statement,  in  which  he 
generalizes  the  second  law.  "  The  effect 
of  the  presence  in  a  substance  of  a  quan- 
tity of  actual  energy,  in  causing  trans- 
formation of  energy,  is  the  sum  of  the 
effects  of  all  its  parts.''  Here  he  dis- 
tinctly places  energy  before  us  as  the 
agent  for  the  transformation  of  energy, 
and  I  believe  that  nothing  but  energy 
can  act  as  the  agent,  and  that  the  gener- 

*  Rankine  states  somewhere  that  it  is  the  working 
fluid  which  is  the  fundamental  part  of  the  engine,  but 
I  think  that  in  this  Rankine  falls  behind  himself. 
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al  law  underlying  all  such  transforma- 
tions may  be  stated,  perhaps,  in  the  fol- 
lowing form : 

Every  conversion  of  energy  from  a, 
form  A  into  a  form  B  can  be  effected 
only  through  the  agency  of  a  quantity 
of  energy  and  (I  venture  to  add)  this 
agent,  or  convertor  quantity,  must  pos- 
sess at  once  the  characteristics  of  A  and 
B. 

In  the  air-engine  the  agent  has  tem- 
perature and  pressure,  respectively,  char- 
acteristics of  heat  and  work ;  in  the  dy- 
namo the  field  is  characterized  by  both 
electrical  and  mechanical  tension.  In 
fact,  this  seems  to  me  to  be  the  only  way 
in  which  we  can  logically  conceive  of 
such  a  transformation,  and  the  only  way 
in  which  observed  transformations  occur. 

Now,  our  agent  quantity  of  thermal 
energy  must  act  without  expense  of  en- 
ergy to  itself,  for  this  is  the  peculiarity  of 
agents,  that  they  always  make  themselves 
safe  when  they  do  business  for  others  ; 
therefore  the  expansion  must  be  isother- 
mal, and  a  source  of  heat  at  the  tempera- 
ture r  +  dr  must  be  applied  to  the  con- 
ducting bottom,  so  that  the  gas  will  be 
caused  to  expand  with  no  loss  of  its  own 
energy.  In  reality,  there  is  no  other  ex- 
pansion than  isothermal  for  the  conver- 
sion of  heat  into  work ;  as  to  adiabatic 
expansion,  it  is  never  used  for  that  pur- 
pose, nor  can  it  be ;  it  furnishes,  simply, 
a  means  of  lowering  the  temperature  of 
the  gas  if  the  engine  is  made  to  run  in 
a  cycle,  and  the  temperature  may  be  low- 
ered equally  well  by  regenerator  plates, 
the  only  difference  being  in  the  form  in 
which  the  energy  taken  away  from  the 
agent  is  stored  up.  Adiabatic  expansion 
does  not  take  heat  from  the  source  and 
transform  it  into  work,  and  the  only  ex- 
pansion that  does  is  isothermal ;  and  in 
any  mixed  expansion  it  is  only  the  iso- 
thermal element  that  is  of  any  value  for 
this  purpose. 

Now,  the  gas,  in  expanding  from  the 
volume  unity  to  the  volume  v,  converts  a 
quantity  of  heat  into  work,  and  this  quan- 
tity will  be  infinite  when  v  becomes  in- 
finite. Also  for  any  given  change  of 
volume,  say  from  v  to  v\  the  amount  of 
heat  changed  into  work  will  be  propor- 
tional to  the  pressure,  that  is,  propor- 
tional to  the  agent  energy ;  but  this  is 
just  what  the  second  law  states,  and  the 
proof  is  therefore  seen  to  be  of  the  ut- 


most simplicity,  depending  simply  on  the 
mutual  proportionality  of  work  done,  the 
pressure,  the  temperature,  and  the  agent 
energy,  or  total  actual  heat  (as  Kankine 
calls  it)  of  the  working  substance. 

Let  us  look  now  at  the  behavior  of  the 
molecules  ;  as  each  rebounds  from  the 
hot  bottom  its  stock  of  agent  energy  re- 
ceives into  itself  a  portion  of  the  heat  W, 
which  is  to  be  changed  into  work.  The 
molecule  is  driven  away  with  increased 
velocity  by  the  hotter,  or  more  energeti- 
cally vibrating,  molecules  of  the  bottom ; 
it  carries  its  added  energy  to  the  piston, 
and  gives  only  this  quantity  up  in  the 
form  of  work.  The  reason  that  it  gives 
it  up  is  simply  that,  if  the  piston  be 
moving  up  with  the  velocity  V,  the  mole- 
cule will  rebound  with  a  velocity  reduced 
by  2V.  As  the  volume  increases  the 
pressure  falls,  on  account  of  the  dimin- 
ished frequency  of  the  rebounds  per  unit 
of  surface,  and  therefore  the  conversion 
of  heat  into  work  must  proceed  more 
slowly,  but  for  any  and  all  particular 
changes  of  volume  the  speed  of  conver- 
sion may  be  increased  to  any  degree  by 
means  of  a  proportional  increase  in  the 
amount  of  the  agent.  It  is  interesting, 
also,  to  notice  the  thing  in  another  light ; 
the  energy  has  to  be  carried  over  the  dis- 
tance from  the  hot  bottom  to  the  moving 
piston,  which  distance  increases  directly 
with  the  increase  of  volume,  and  the  time 
required  to  carry  a  certain  amount  will 
be  increased  as  this  distance  increases  •> 
the  way  to  secure  a  more  rapid  convey- 
ance throughout  is  to  increase  the  speed 
of  the  carrying  molecules,  i.e.,  the  amount 
of  agent  energy.  Note  also  that  the 
amount  carried  per  molecule  will  be  at 
the  same  time  increased. 

The  molecules  have  been  spoken  of  as 
moving  directly  toward  and  away  from 
the  piston,  whereas  they  should  move  in 
all  possible  directions ;  it  is  well  knownr 
however,  that  this  involves  no  error  in 
the  result,  and  scarcely  one  in  the  con- 
ception. 

Let  us  see  now  whether  there  are  any 
real  difficulties  in  Bankine's  statements. 
To  understand  them  most  easily,  com- 
mence with  his  "  General  Law  for  the 
Transformation  of  Energy,"  already 
quoted,  and  proceed  backward ;  we 
come  first,  then,  to  a  graphical  represent- 
ation of  the  second  law.  After  explain- 
ing the  quantities  in   his  diagram    and 
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stating  the  known  relations  between 
them,  he  requires  us  to  suppose  the  tem- 
perature r,  to  be  divided  into  n  equal 
parts.  Now,  we  can  divide  nothing  ex- 
cept quantity  into  equal  parts,  and  there- 
fore Rankine  regards  temperature  as  a 
quantity,  and  so  it  is.  We  have  only  to 
remember  that  r  is  the  temperature  of 
the  agent,  and  therefore  r  is  the  amount 
of  agent  energy  in  terms  of  a  suitable 
unit ;  in  fact,  the  statement  that  a  unit 
mass  of  gas  is  at  a  temperature  r  is 
equivalent  to  saying  that  it  possesses  r 
units  of  thermal  energy,  the  unit  used 
being  the  energy  required  to  raise  this 
amount  of  gas  one  degree  in  tempera- 
ture. 

It  is  the  agent  energy,  then,  which  we 
are  to  divide  by  ?i,  and  we  are  afterward 
told  that  the  parts  will  be  "  similar,  and 
similarly  circumstanced."  Let  us  sup- 
pose a  molecule  heated  from  absolute 
zero  to  the  temperature  r,  by  adding  n 
equal  increments  of  energy,  these  incre- 
ments can  differ  only  in  the  order  in 
which  they  may  be  added,  and  once  add- 
ed this  distinction  vanishes,  and  they  be- 
come merged  into  the  quantity  of  energy 
contained  by  the  molecule. 

On  the  scale  of  the  thermometer  the 
degrees  all  have  their  places,  and  the  last 
degree  added  is  necessarily  the  first  one 
subtracted ;  but  no  similar  conception  can 
be  applied  to  the  energy  of  the  molecule, 
and  we  can  imagine  no  connection  be- 
tween the  last  increment  added  and  the 
first  subtracted,  or  any  difference  what- 
ever between  the  increments,  whose  sum 
is  the  total  energy  of  the  molecule. 

"  Similar  and  similarly  circumstanced" 
mean,  therefore,  simply  devoid  of  abso- 
lute and  relative  differences. 

In  this  graphical  treatment  Rankine 
shows  isothermal  expansion,  and  his  sec- 
ond law  applies  essentially  to  this  expan- 
sion. 

Rankine's  next  statement  (proceeding 
backward)  of  his  law  is  the  second  one 
criticised  by  Maxwell,  and  it  supposes 
nothing  more  than  the  division  of  tem- 
perature already  discussed.  In  some 
earlier  editions  the  first  formula  under 
the  statement  is  in  error  by  the  omission 
of  r ;  it  should  read 

d_  d 

TdT-{4~do: 

as  it  stands  in  the  present  edition. 


We  next  come  to  a  seemingly  more 
general  and  comprehensible  statement  of 
the  law  which  speaks  of  "  the  total  actual 
heat."  Now,  Rankine  has  defined  this, 
and  it  is  simply  the  kinetic  energy  of  the 
molecule,  or  that  portion  of  the  heat  fur- 
nished to  cause  a  rise  of  temperature 
from  absolute  zero  to  r,  which  remains 
in  the  body  as  heat. 

Inasmuch  as  Rankine's  first  statement 
of  his  law  seems  the  more  general,  inso- 
much has  it  led,  as  I  believe,  to  a  false 
comprehension  of  its  meaning.  It  may 
seem  more  general  in  this  way  :     In  the 
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figure  let  x  represent  mass,  and  01  a 
unit  of  mass ;  also  let  y  represent  tem- 
perature ;  then,  if  a  suitable  unit  of  tem- 
perature has  been  chosen,  the  area  Olbr 
will  represent  the  heat  energy  contained 
in  the  unit  mass  at  the  temperature  r. 
Now,  we  may  cut  this  energy  into  n  equal 
parts  by  means  of  equidistant  vertical 
lines,  and  these  lines  will  cut  the  mass 
also  into  n  equal  parts ;  in  this  case  it 
requires  no  scientific  imagination  to  see 
that  the  effect  of  the  heat  belonging  to 
any  one  of  the  increments  of  mass  must 
be  the  same  as  that  belonging  to  any 
other,  and  that  the  heat  of  one  incre- 
ment is  similar  to  that  of  another, 
though  not  quite  similarly  circumstanced, 
because  the  increments  of  mass  have 
different  positions  in  space. 

Such  a  method  of  dividing  the  total 
actual  heat  is  altogether  too  simple  for 
the  use  to  be  made  of  it,  and  no  such 
statement  can  pass  for  a  law  of  thermo- 
dynamics ;  it  is  simply  the  law  of  homo- 
geneousness.  If  the  mass  of  a  homo- 
geneous body  be  divided  into  n  equal 
parts,  then  the  effects  of  these  parts  are 
the  same  in  making  up  the  total  weight, 
value,  density,  etc.,  etc.,  of  the  body. 

Rankine  leads  up  to  his  statement  in 
an  unfortunate  way,  perhaps,  in  empha- 
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sizing  the  fact  that  every  particle  is 
equally  hot  without  telling  why;  of 
course  every  particle  must  be  so,  or  we 
could  not  speak  of  the  body  as  having  a 
temperature  r,  and  the  right  line  rb  in 
the  figure  would  disappear ;  this  would 
interfere  with  the  argument,  which  de- 
pends essentially  upon  our  dividing  a 
temperature  r  into  equal  parts. 

Rankine  intends  no  such  division  ;  he 
says,  in  fact,  "Let  unity  of  weight,"  and 
we  may  take  a  differential  unit,  and  so 
put  such  a  division  out  of  the  question. 
The  division  intended  was  by  horizontal 
lines,  and  this  makes  the  first  statement 
of  the  law  identical  with  the  second, 
only  in  the  one  he  says  "  total  actual 
heat,"  and  in  the  other  "temperature." 
He  commences  by  saying  "  heat,"  be- 
cause heat  is  energy  and  is  the  real 
thing  he  refers  to,  and  he  changes  to 
"  temperature,"  because  that  is  the  prac- 
cal  way  of  measuring  the  amount  of  this 
energy,  being  proportional  to  it. 

I  believe,  then,  that  this  is  the  one  and 
only  second  law,  and  it  follows  that  be- 
cause our  agent  is  a  quantity  of  energy, 
which  resides  only  in  mass,  and  because 
different  substances  do  not  differ  in  mass 
—that  being  a  common  or  fundamental 
property  of  all  substances — therefore, 
the  particular  working  substance  used 
has  no  effect  upon  the  result. 

To  further  illustrate  the  division  into 
equal  parts,  which  Rankine  intends,  let 
us  consider  the  pressure  produced  by  a 
mass  under  the  action  of  gravity. 

The  rectangle  Olbr  will  represent  this 
pressure  for  a  unit  of  mass  if  we  lay 
off  the  acceleration  of  gravity  on  OY  so 
that  r—g.  We  shall  have  the  same  two 
possible  divisions  as  before ;  that  by  ver- 
tical lines  will  correspond  with  the  fact 
that  each  equal  element  of  mass  contrib- 
utes its  own  equal  share  of  the  pressure, 
while  for  the  horizontal  division  we  must 
regard  the  force  of  gravity  as  made  up  of 
equal  increments,  each  of  which  takes 
equal  part  in  producing  it.  Now,  it  is  a 
matter  of  no  consequence  whether  we  say 
"  divide  the  acceleration  g  into  n  equal 
parts  "  or,  "  divide  the  force  gm ;  "  in  the 
one  case  each  increment  will  be  repre- 
sented by  a  portion  of  the  line  OY  and 
will  correspond  to  an  increment  of  tem- 
perature, in  the  other  each  will  be  repre- 
sented by  a  horizontal  band  of  the  area 
Olbr  and  will  correspond   to  an  incre- 


ment of  total  actual  heat.  There  may  be 
more  difficulty  in  conceiving  of  a  division 
of  the  acceleration  or  of  the  temperature 
into  equal  parts,  than  of  a  division  of  the 
energy  or  of  the  force,  or  weight,  but 
this  difficulty  lies  in  conceiving  of  either 
acceleration  or  temperature  as  a  quantity 
and  not  in  the  division  of  that  quantity ; 
both,  however,  must  so  be  conceived  be- 
fore any  mathematical  or  other  exact 
treatment  of  them  can  be  made.  If  we 
conceive  of  a  force  or  weight,  P,  as  ap- 


P 

>  f 


plied  at  a  particular  point  (let  it  be 
attached,  say,  to  the  geometrical  line  rq) 
without  our  knowing  the  acceleration  of 
gravity  or  the  mass,  but  only  their  prod- 
uct P,  then,  while  both  divisions  of  P 
into  equal  parts  are  still  possible,  that 
into  horizontal  bands  would  seem  to  be 
the  most  natural;  any  variation  in  P 
would  usually,  I  think,  be  considered  as 
resulting  from  a  change  in  the  accelera- 
tion, in  which  change  each  equal  part 
will  have  the  same  effect  in  producing 
the  pressure  P,  and  they  will  all  be  simi- 
lar and  similarly  circumstanced. 

If  the  camel's  back  does  break,  it  is  the 
first  hair  as  much  as  the  last  that  does  it 
— this  illustration,  however,  corresponds 
to  the  vertical  sub-division,  and  we  must 
suppose  the  fully-loaded  camel  to  move 
through  space  in  such  a  direction  that 
gravity  shall  continually  increase,  in 
which  case  it  will  be  the  first  increment 
of  g  as  much  as  the  last,  which  will  tend 
to  break  his  back. 

Let  us  look  again  at  the  formula  for 
efficiency,  which  flows  directly  from 
Rankine's  law  in  a  simple  and  evident 
manner.  Our  infinite  -  cylinder  engine 
needs  no  such  formula,  for  it  works  at  a 
temperature  r  and  not  between  two  tem- 
peratures r  and  r' ;  it  transforms,  also, 
all  the  heat  into  work.  Mechanical  con- 
siderations, however,  require  us  to  forego 
infinite   cylinders  and  to  build  engines 
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that  run  in  cycles,  and  for  these  this 
formula  is  needed.  Every  engine  run- 
ning in  a  cycle  is  a  double  engine  and 
consists  of  an  engine  proper  and  a  com- 
pressor. When  the  piston  has  risen  as 
far  as  the  practical  height  of  the  cylinder 
admits,  during  which  rise  it  has  converted 
all  the  heat  used  into  work,  some  method 
must  be  taken  to  repeat  the  process  with 
the  same  engine.  The  engine  is  therefore 
used  as  a  compressor  for  re-compress- 
ing the  gas,  during  which  operation  all 
the  work  done  on  the  gas  is  transformed 
into  heat,  and  we  have  only  to  cool  the 
gas,  by  adiabatic  expansion  or  a  regener- 
ator, before  compression  in  order  to  get 
our  gas  back  again  to  its  original  density 
and  have  left  a  margin  of  heat  perma- 
nently transformed  into  work,  in  accord- 
ance with  the  efficiency  formula. 

It  should  be  remarked  that  no  special 
reference  has  been  made  in  this  address 
to  anything  but  a  perfect-gas  engine  be- 
cause the  theory  of  the  action  of  such  an 
ideal  gas  should  be  perfectly  clear  before 
the  more  complicated  action  of  real  sub- 
stances, especially  liquids  and  solids,  is 
considered ;  Rankine's  law,  however,  cov- 
ers all  such  cases,  and  his  definitions  and 
formulae  are  framed  to  include  them. 

Many  other  points  have  necessarily 
been  left  untouched,  but  if  I  have  made 
clearer  how  heat  and,  therefore  tempera- 
ture, may  be  supposed  to  consist  of  a 
number  of  equal  parts,  and  how  these 
parts  cannot  differ  in  their  situation  or 
action,  and  convinced  you  that  Rankine's 
is  the  real  and  only  second  law  of  ther- 
modynamics, my  object  will  have  been 
accomplished. 


of  the  above  topics,  make  up  the  September 
number. 

The  Engineers'  Club  of  Philadelphia. — 
The  latest  issue  of  the  Proceedings  con- 
tains : 

Wrought  Iron  Stringers  for  the  Substructure 
of  Railroads.     By  William  Lorenz. 

The  Pennsylvania  Schuylkill  Valley  Railroad 
Tunnel  at  Phcenixville.    By  M.  Tan  Harlingen. 

Sources  of  Pollution  in  Storage  Reservoirs. 
By  A.  Harvey  Tyson.     Discussion. 

Strengthening  the  West  Main  Abutment  of 
Chestnut  Street  Bridge.  By  J.  Milton  Titlow. 
Discussion. 

The  Construction  of  Street  Railways  in  the 
United  States.     By  William  Wharton,  Jr. 

Pertaining  to  Isthmian  Transits.  By  Preston 
C.  F.  West. 

The  Water  Works  of  Columbus,  Ga.  By 
Jacob  H.  Yocum. 


N~ote. — A  mathematical  demonstration 
of  the  relation  between  the  total  actual 
heat  of  a  perfect  gas  and  its  pressure 
upon  the  walls  of  the  containing  vessel 
will  be  discussed  in  a  future  number  of 
this  journal. 

REPORTS  OF  ENGINEERING  SOCIETIES. 

American  Society  of  Civil  Engineers. — 
The  transactions  of  the  Society  for  July 
and  August  contain  valuable  reports  upon  pres- 
ervation of  timber. 

The  July  issue  contains  the  report  of  a  com- 
mittee presented  at  the  last  convention.  The 
August  number  contains  twenty  appendices  to 
the  report. 

A  paper  on  the  Preservation  of  Forests,  by 
Francis  Collingwood,  with  discussions  on  both 
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One  of  the  many  odd  callings  which  the  pro- 
duction and  pipe  line  transportation  of 
petroleum  have  made  necessary  is  one  known 
as  "  chasing  the  scraper."  Crude  petroleum  is 
run  from  the  oil  regions  to  the  refineries  at  the 
sea  board,  a  distance  of  300  miles,  in  iron  pipes. 
It  is  forced  over  the  high  hills  that  intervene  by 
powerful  pumps.  Much  of  the  way  it  runs  by  its 
own  gravity.  The  pipes  are  constantly  becom- 
ing clogged  by  sediment  and  paraffine.  To 
clean  them  out  an  iron  stem,  2h  feet  long,  to 
which  are  attached  circular  steel  scrapers,  fitting 
loosely  in  the  pipes,  is  placed  in  the  pipe  at 
regular  periods.  This  is  forced  along  the  line 
by  the  pressure  of  the  oil  behind  it.  It  is  ne- 
cessary to  keep  track  of  this  scraper,  in  order 
that  its  exact  location  may  be  constantly 
known,  so  that  if  it  is  stopped  by  any  obstacle 
it  may  be  readily  discovered,  and  the  obstacle 
removed.  The  noise  made  by  the  scraper 
against  the  iron  pipes  as  it  moves  along  their 
interior  would  not  be  heard  by  an  untrained 
ear,  but  certain  servants  of  the  Pipe  Line  Com- 
pany are  able  to  follow  it  on  its  journey  by  the 
noise,  and  never  lose  its  situation.  These  men 
are  the  scraper  chasers.  They  are  stationed  in 
relays  three  or  four  miles  apart  along  the  line. 
One  chaser  will  follow  up  and  down  mountains, 
across  ravines  and  through  streams  and  swamps 
until  he  reaches  the  end  of  his  section,  when 
another  man  takes  up  the  chase  and  follows  it 
until  relief  is  reached,  and  so  on  until  the 
course  of  the  scraper  is  run.  The  work  is  one 
of  hardship  and  danger,  owing  to  the  character 
of  the  country  through  winch  miles  of  the  pipe 
line  is  laid.  If  a  chaser  by  any  mishap  is 
thrown  off  the  track  of  the  scraper,  and  it  be- 
comes clogged  before  he  can  recover  its  posi- 
tion in  the  pipe,  the  cutting  of  the  pipe  for  long 
distances  is  frequently  made  necessary  that  the 
missing  object  may  be  found,  a  work  that  is 
accompanied  by  much  expense  and  labor. 

The  Forth  Bridge. — The  Forth  bridge  will 
connect  Queensferry  on  the  Fife  shore  of 
the  estuary  with  South  Queensferry  on  the  Lin- 
.  lithgow  shore,  the  total   length  of  the  bridge 
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being  2,700  yards,  or  1,900  yards  between  high- 
water  mark  on  the  two  sides.  Beginning  at  the 
Queensferry  side,  the  bridge  is  carried  out 
1,780  ft.  on  a  series  of  nine  piers  of  solid 
masonry,  faced  with  cyclopean  blocks  of  Aber- 
deen gray  granite  Each  of  these  piers  will  be 
130  ft.  in  height  above  high  water  and  the  span 
between  them  is  160  ft.  The  fourteenth  pier 
from  the  shore  is  called  the  cantilever  tower,  as 
upon  it  will  rest  not  only  the  end  of  the  girders, 
but  the  end  of  the  shoreward  arm  of  the  south 
cantilever.  This  tower  has,  in  consequence, 
been  made  of  great  size — the  basement  or  cut- 
water bdng  103  ft.  in  length  and  52  ft.  in  thick- 
ness. The  crucial  part  of  the  scheme  is  that 
which  carries  the  railway  over  the  deep  water 
of  the  Forth — the  free  navigation  of  the  chan- 
nel for  the  largest  ships  having  to  be  conserved. 
From  three  sets  of  granite  piers,  arranged  in 
groups  of  four  columns  each — the  central  set  at 
Inchgarvie,  and  the  others  about  1,800  ft.  on 
each  side — a  superstructure  of  steel  will  be 
reared  supporting  bracket-like  arms,  two  of 
which,  with  a  separate  girder  in  the  center,  will 
form  an  apparent  arch  with  a  span  of  1,700  ft., 
or  about  one-third  of  a  mile,  and  with  a  clear 
height  above  high  water  level  of  150  ft.  There 
will  be  two  such  spans  and  two  half-spans  of 
680  ft.  each  thrown  shoreward  to  cantilever 
towers  on  either  shore.  Foundations  for  three 
sets  of  cantilever  piers  were  obtained  by  sink- 
ing iron  and  steel  caissons,  70  ft.  in  diameter, 
to  the  solid  rock  at  North  Queensferry  and 
Inchgarvie,  and  to  the  boulder  clay  at  South 
Queensferry.  These  caissons  were  filled  with 
concrete  to  low-water  mark,  and  above  that  the 
piers  have  been  continued  to  a  height  of  18  ft. 
above  high  water  in  solid  masonry,  faced  with 
rough-hewn  blocks  of  granite.  These  cylin- 
drical masses  of  concrete  and  masonry  from  the 
base  of  70  ft.  gradually  diminish  in  diameter  to 
50  ft.  In  the  Inchgarvie  pier,  the  central  points 
of  its  quadruple  members  form  an  oblong,  270 
ft.  from  north  to  south,  and  120  ft.  from  east  to 
west.  In  each  of  the  other  two  great  piers  the 
oblong  is  only  155  ft.  from  north  to  south — the 
distance  of  120  ft.  from  east  to  west  being  pre- 
served. On  each  of  these  masses  of  stonework 
the  steel  superstructure  forming  the  cantilever 
bridge  will  be  erected,  the  three  cantilevers 
being  precisely  the  same  in  character.  On  the 
top  of  each  of  the  four  stone  columns  forming 
the  pier  is  placed  a  skewback,  constructed  on 
the  cellular  principle  of  thick  steel  plates.  Each 
skewback  is  firmly  bolted  to  the  masonry  by 
means  of  a  bed  plate  and  tying-down  bolts,  car- 
ried deep  down  into  the  masonry  of  the  column. 
Lengthwise  these  skewbacks  are  united  by  cyl- 
inders 1 2  ft.  in  diameter,  while  crosswise  the 
binding  is  by  lattice  girders.  From  the  center 
of  each  skewback  rises  a  cylindrical  column  12 
ft.  in  diameter  to  a  height  of  340  ft. ,  each  mem- 
ber bending  inwards.  Viewed  collectively 
along  the  length  of  the  bridge,  the  four  look 
like  two  great  triangles  with  flattened  tops. 
Their  basal  distance  is  120  ft.,  center  to  center, 
but  at  340  ft.  up  they  have  converged  to  33  ft. 
On  the  inner  side  of  each  of  these  columns  cyl- 
indrical shafts  of  the  same  type  are  carried 
from  the  foot  of  the  one  column  to  the  top  of 
the  other,  and  form  an  X  bracing  ;  while  atop 


the  four  main  columns  and  the  cross-bracing 
are  knit  together  in  a  rigid  framework  by  lattice 
girders  of  a  maximum  depth  of  12  ft.  From 
the  outer  ends  of  the  skewbacks  are  thrown 
brackets,  also  cylindrical  in  shape.  Each  is 
680  ft.  in  length,  while  from  the  top  of  the  340 
ft.  columns  girders  descend  to  within  40  ft.  of 
the  end  of  the  brackets  or  arms.  The  canti- 
lever bracket  and  sloping  girder  are  firmly 
braced  together  by  tubes  and  girders  of  dimin- 
ishing sections,  as  the  end  of  the  arm  is  neared. 
A  main  support  to  the  sloping  girder  is  a  great 
cylindrical  shaft,  which  also  rises  from  the 
skewback  on  the  outer  side  of  each  of  the  main 
vertical  columns.  The  two  bracket  arms  con- 
nected with  each  pier  being  of  the  same  dimen- 
sions in  all  respects,  exactly  balance  each  other. 
The  various  thrusts  and  strains — vertical,  hori- 
zontal, and  diagonal — involved  in  their  own 
weight  and  the  load  they  have  to  carry,  all 
meet  in  the  connected  skewbacks,  where  they 
counterpoise  each  other.  The  cylindrical  shape 
for  the  brackets  and  upright  columns  has  been 
chosen  as  best  fitted  to  resist  compression, 
while  the  girders  are  used  where  it  was  neces- 
sary to  provide  for  a  tension  strain.  At  the 
present  time  the  number  of  men  employed  at 
the  bridge  is  close  on  2,500.  At  the  South 
Queensferry  end,  out  to  2,000  feet  from  the 
shore,  the  whole  of  the  granite  piers  for  carry- 
ing the  girders  have  been  founded  and  reared, 
with  rounded  cutwater,  to  a  height  of  18  ft. 
above  high  water.  Each  pier  constitutes  an 
oblong,  placed  east  and  west,  with  a  base  at 
low-water  level  of  52  ft.,  and  with  a  width  of 
23  ft.  The  extreme  or  northernmost  pier  of 
this  series  is  the  cantilever  tower  already  re- 
ferred to,  and  it,  too,  is  up  to  the  same  height 
above  high-water  level.  The  steel  girders  which 
will  form  the  crown  of  this  part  of  the  struc- 
ture are  being  constructed  on  the  top  of  the 
stone  caps  of  the  piers  at  the  level  just  men- 
tioned. Strong  staging  with  supports  rising 
from  the  bottom  of  the  shallow  water  is  reared 
between  each  pier  ;  on  this  the  girders  are  put 
together,  and,  as  each  span  is  completed,  the 
girder  is  dropped  on  the  pier,  and  the  staging 
removed  farther  out.  The  girders  will  be  sim- 
ultaneously raised  to  their  permanent  position 
at  the  level  of  130  ft.  above  high  water  by  means  of 
hydraulic  jacks,  thereby  avoiding  the  expense 
and  inconvenience  of  high  staging.  When  the 
jacks  are  in  position,  hydraulic  power  will  be 
applied,  and  the  whole  of  the  girders,  forming 
a  viaduct  nearly  600  yards  long  and  weighing 
close  on  2,000  tons,  will  be  raised  about  a  foot  at  a 
time.  As  it  rises,  the  ironwork  will.be  shored 
up  and  the  masonry  of  all  the  piers  built  under 
it.  From  the  new  platform  thus  formed,  an- 
other lift  will  be  made,  and  the  operation  will 
be  repeated  until  the  necessary  height  is  at- 
tained. On  the  north  side  the  corresponding 
five  piers  of  the  viaduct — all,  however,  founded 
on  dry  land — are  carried  up  to  a  minimum 
height  of  38  ft.  above  high  water  ;  the  girders 
put  together  upon  them  have  been  finished,  and 
preparations  are  completed  for  lifting  them  into 
position  in  the  same  way.  Of  the  south  main 
pier,  for  carrying  the  large  cantilevers,  three  of 
its  group  of  four  members  have  been  founded 
and  two  reared  to  their  height  of  18  ft.  above 
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high-water  level,  the  third  above  water  level. 
This  is  the  full  height  of  all  the  columns 
of  the  three  great  piers.  At  the  fourth, 
the  north-west  member  of  this  group,  the 
caisson  tilted  over  and  was  crushed.  A  tim- 
ber casing  is  being  constructed  around  it,  which 
will  practically  be  a  coffer-dam  ;  and  when  this 
is  completed,  the  caisson  will  be  pumped  dry 
and  the  plates  renewed.  On  Inchgarvie  the 
works  connected  with  the  great  central  pier 
are  also  well  advanced.  At  one  time  the  island 
was  considered  a  desirable  resting-place  for  the 
central  supports  of  the  bridge,  but  it  is  curious 
to  note  that  none  of  the  four  members  of  the 
central  pier  are  actually  on  terra  firma.  The 
line  of  the  bridge  did  not  admit  of  that  being 
done.  Of  this  central  pier,  two  columns  are 
just  beyond  the  west  end  of  the  island,  and  the 
other  two  270  ft.  further  south.  The  former  two 
columns  are  up  to  their  full  height  above  water ; 
for  the  south-east  member  the  caisson  is  now 
being  sunk,  while  the  caisson  of  the  south-west 
member  has  just  been  floated  into  position. 
The  depth  of  each  caisson  varies  according  to 
the  distance  it  has  to  be  sunk  into  the  estuary 
bed.  The  deepest  yet  sunk  in  connection  with 
the  bridge  is  71  ft.  below  low  water.  But  all 
are  filled  solid  with  concrete  and  carried  up  to 
low-water  level.  Above  this  the  column  is 
built  up  of  solid  rubble  masonry  from  Arbroath, 
faced  with  blocks  of  granite.  At  intervals  iron 
belts  are  inserted  in  the  masonry.  On  the  Fife 
shore  the  four  members  of  the  main  pier  are  all 
founded  and  finished.  Two  are  on  the  land, 
and  the  other  two  are  in  the  water,  here  of 
considerable  depth.  On  this  pier  a  portion  of 
the  permanent  cylindrical  tubing  is  stretched 
between  its  western  members  ;  and  here,  too, 
may  be  seen  in  position  the  bed  plate  on  which 
the  skewback  will  rest,  with  its  holding-down 
bolts.  On  each  column  there  are  no  fewer  than 
58  of  such  bolts  each  a  bar  of  steel  2| 
in.  in  thickness,  with  a  screw  at  the  top  3  in", 
in  diameter,  secured  by  a  nut.  The  bed-plates 
are  3  in.  to  4  in.  in  thickness.  The  bottom  of 
the  skewback  will  be  of  similar  construction. 
On  three  out  of  the  four  columns  of  each  pier, 
the  holes  in  the  bottom  of  the  skewback, 
through  which  the  bolts  will  pass,  will  be  cut 
of  an  oblong  pattern,  9  in.  or  so  in  length  by 
4  in.  across,  so  as  to  allow  for  a  certain  amount 
of  movement  of  the  cantilevers  on  the  piers. 
On  one  column  of  every  pier  the  bolt  holes  in 
the  skewback  will  be  circular,  and  just  wide 
enough  to  admit  the  bolt,  so  that  too  much  play 
in  one  direction  may  be  prevented.  The  piers 
for  carrying  the  girders  inland  to  the  ridge  of 
the  high  ground  between  North  Queensferry 
and  Inverkeithing  Bay  are  completed  to  a  cer- 
tain height,  and  everything  is  in  readiness  to 
lift  the  viaduct  girders  which  are  resting  upon 
them.  In  the  bridge  workshops  at  Queensferry 
has  sprung  up  an  immense  engineering  estab- 
lishment, where  the  whole  operations  connected 
with  the  rolling,  bending,  planing,  and  drilling 
of  the  steel  work  of  the  superstructure  of  the 
bridge  are  being  proceeded  with.  Most  of  the 
machinery  in  the  works  had  to  be  specially  in- 
vented or  adapted  to  meet  requirements.  Al- 
most every  machine  in  the  place  has  some  in- 
genious feature  for  saving  labor,  of  which  Mr. 
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Arrol,  one  of  the  contractors,  is  the  author. 
Among  other  processes  going  on  is  the  drilling 
of  rivet  holes  by  multiple  machines,  working 
simultaneously  a  large  number  of  spindles.  In 
all,  something  like  150  spindles  are  at  work 
mostly  night  and  day,  and  from  first  to  last 
something  like  5,000,000  of  rivet  holes  have  to 
be  drilled.  45,000  tons  of  steel  will  be  used  in 
the  construction  of  the  bridge,  exclusive  of 
3,000  tons  in  the  viaduct  girders,  and  that  of 
the  tubes  for  the  cantilevers  about  5%  miles, 
have  to  be  made.  Of  the  steel  work  nearly 
6,000  tons  are  ready  for  erection.  The  total 
amount  of  building  done  up  to  the  present  time 
is: — Granite  set,  220,000  cubic  feet;  concrete, 
43,000  yards  ;  rubble  masonry,  25,000  yards. 
The  engineers  for  the  bridge  are  Mr.  John 
Fowler  (engineer-in-chief)  and  Mr.  B.  Baker ; 
the  contractors,  Sir  Thomas  Tancred,  Bart., 
and  Messrs.  W.  Arrol,  Falkiner,  and  Phillips. 
The  chief  of  the  engineers'  staff  at  Westminster 
is  Mr.  A.  D.  Stewart,  and  at  Queensferry  Mr. 
P.  W.  Meik,  with  five  or  six  assistants  and  four 
outdoor  inspectors ;  while  the  contractors  are 
represented  at  the  works  by  Messrs.  R.  E.  Mid- 
dleton,  W.  Westhofen,  A.  Biggart,  and  others. 


IRON  AND  STEEL  NOTES. 

MP.  Gabriel  gives  the  following  method  of 
.  tempering  steel,  in  the  Revue  Chrono- 
metrique: — Cyanide  of  potassium  is  dissolved 
and  red  heated  in  a  metallic  or  earthen  cruci- 
ble ;  the  pieces  of  steel  are  then  immersed  in 
the  liquid  until  red,  and  afterward  plunged  in 
water.  This  process  is  said  to  give  great  satis- 
faction, and  many  advantages  are  claimed  for 
it.  The  temper  is  said  to  be  harder,  and  if  a 
finished  piece  is  under  treatment  the  polish  is 
not  lost.  It  will  show  a  grayish  tint,  but  the 
original  polish  will  reappear  immediately,  if  a 
piece  of  polished  wood  with  the  finest  rouge  is 
passed  over  it.  It  is  also  said  that  if  the  steel 
has  been  well  annealed,  and  not  put  out  of 
shape  by  the  file  or  the  hammer,  it  will  come 
from  the  crucible  perfectly  straight ;  arbors  4 
or  5  centimeters  long  are  not  deformed,  if  tern 
pered  by  this  method.  It  is  recommended  as 
particularly  advantageous  for  tempering  es- 
capement springs. 

Some  curious  statements  on  tempering  steel 
are  made  in  a  paper  published  in  Dingier 's 
Polytechnic  Journal,  vol.  225,  by  Herr  A.  Jarol- 
imek,  "On  the  Influence  of  the  Annealing 
Temperature  upon  the  Strength  and  the  Con- 
stitution of  Steel  "  Hitherto  it  has  been  gener- 
ally considered  that  to  obtain  a  specified  degree 
of  softness  it  is  necessary  to  heat  the  hard  steel 
to  a  particular  annealing  color— that  is  to  say, 
to  a  definite  temperature — and  then  allow  it  to 
rapidly  cool.  Thus,  for  example,  that  steel 
might  anneal — be  tempered — yellow,  it  had  to 
be  heated  to  540  deg.,  and  the  supposition  was 
formed  and  acted  upon  that  it  must  be  allowed 
only  a  momentary  subjection  to  this  tempera- 
ture. Herr  Jarolimek  says  the  requisite  tem- 
per which  is  obtained  by  momentarily  raising 
the  temperature  to  a  particular  degree,  can  also 
be  acquired  by  subjecting  the  steel  for  a  longer 
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time  to  a  much  lower  temperature.  For  ex- 
ample, the  temper  which  the  annealing  color — 
yellow — indicates  can  be  obtained  by  exposing 
the  hard  steel  for  ten  hours  to  260  deg.  of  heat ; 
in  other  words,  by  placing  it  in  water  rather 
above  the  boiling  point. 

Apapee  was  read  recently  before  the  Royal 
Society  "On  Magnetization  of  Iron,"  by 
Dr.  Hopkinson.  It  contained  an  account  of 
the  results  of  experiments  which  have  been 
made  on  a  considerable  number  of  samples  of 
iron  and  steel  of  known  composition,  including 
samples  of  cast  iron,  malleable  cast  iron, 
wrought  iron,  ordinary  steels,  manganese, 
chromium,  tungsten,  and  silicon  steels.  The 
electrical  resistance  and  the  magnetic  properties 
are  determined  in  absolute  measure.  Amongst 
the  electrical  resistances  the  most  noteworthy 
fact  is  the  very  high  resistance  of  cast  iron — as 
much  as  ten  times  that  of  wrought  iron.  The 
fact  that  manganese  steel  is  almost  non-mag- 
netic is  verified,  and  its  actual  permeability 
measured.  The  action  of  manganese  appears 
to  be  to  reduce  the  maximum  magnetization  of 
steel,  and  in  a  still  greater  ratio  the  residual 
magnetism,  but  not  to  affect  the  coercive  force 
materially.  It  is  shown  that  the  observed  per- 
meability of  manganese  steel  containing  12  per 
cent,  of  manganese  would  be  accounted  for  by 
assuming  that  this  material  consists  of  a  per- 
fectly non-magnetic  material,  in  which  are 
scattered  about  one-tenth  part  of  isolated  par- 
ticles of  pure  iron.  Some  practical  applications 
of  the  results  are  discussed. 


RAILWAY  NOTES. 

Raileoads  in  Centeal  A  si  a. — The  Central 
Asiatic  Railway  will  now  be  pushed  for- 
ward very  energetically,  in  pursuance  of  the 
recent  imperial  order.  Gen.  Annenkoff ,  charged 
with  the  direction  of  the  necessary  works,  has 
already  started  for  the  Trans-Caspian,  and  will 
be  there  before  you  receive  this  letter.  Great 
attention  is  paid  in  Russian  circles  to  this  rail- 
way, which  will  be  of  the  utmost  importance, 
not  only  strategically,  but  also  in  its  relation  to 
commerce.  The  line  will  go  in  a  direct  south- 
eastern direction  to  Kakhka,  which  place  is 
about  half-way  between  Askabad  and  Sarakhs, 
but  then  the  road  will  take  a  northeastern'  di- 
rection to  Merv  and  further  to  Bourdalik,  on 
Amu-Daria.  In  this  way  the  railway,  which 
has  hitherto  closely  followed  the  Persian  fron- 
tier, will  suddenly  branch  off  at  an  angle  and 
be  continued  to  a  distance  of  a.bout  50  miles 
from  the  new  Russo-Afghan  boundary,  which 
is  thought  will  be  settled  by  the  negotiations 
between  England  and  Russia.  The  considera- 
tions which  have  determined  the  government 
to  choose  this  direction  for  the  railway  are 
commercial  ones,  and  the  line  now  will  be  con- 
nected with  the  principal  fluvial  communica- 
tions in  the  Russian  possessions  in  Central 
Asia,  also  with  the  great  caravan  roads.  The 
expenses  of  keeping  up  the  railway  will  be 
serious.  They  are  calculated  at  nearly  2,000,000 
roubles  a  year,  and  during  the  first  year  or  two 
the  receipts  will  scarcely  amount  to  200,000. 
After  that  time,  when  the  Central  Asiatic  mer- 


chants have  learned  to  appreciate  the  new 
means  of  communication,  the  traffic  may  be 
expected  to  largely  increase.  It  is  said  on  good 
authority  that  the  Central  Asiatic  Railway  will 
be  continued  next  year  across  the  Bokharian 
territory  to  Samarkand,  and  from  thence  to 
Tashkend,  the  residence  of  the  Turkestan  Gov- 
ernor-General. The  distance  between  the  two 
towns  is  260  English  miles. — St.  Petersburg  Let- 
ter to  the  London  Daily  News. 

RAILWAYS  OF  THE  UNITED  STATES. — The 
total  number  of  miles  of  railroad  in  the 
United  States  at  the  close  of  1884,  was  125,379, 
of  which  3,977  miles  were  constructed  during 
the  year — the  rate  of  increase  being  3.17  per 
cent.  The  number  of  miles  making  returns  of 
their  share  capital  and  funded  and  floating 
debts  equalled  125,152,  against  120,552  for 
1883,  the  increase  being  4,598,  the  rate  of  in- 
crease being  3.8  per  cent. 

The  share  capital  of  the  mileage  in  operation 
in  1884  equaled  $3,762,616,686,  against 
$3,708,060,583  in  1883,  the  increase  equaling 
$54,556,103,  the  rate  of  increase  being  about 
1.4  per  cent. 

The  funded  debts  of  all  the  lines  at  the  close 
of  the  year  aggregated  $3,669,115,772,  a  sum 
$168,235,858  in  excess  of  the  total  of  1883 
($3,500,879,914),  an  increase  of  nearly  5  per 
cent. 

The  other  forms  of  indebtedness  of  the  several 
companies  at  the  close  of  the  year  equaled 
$244,666,596,  against  $268,925,285  for  1883,  the 
decrease  being  $24,258,689.  The  total  share 
capital  and  indebtedness  of  all  kinds  of  all  the 
roads  making  returns  equaled  at  the  close  of 
the  year  $7,676,399,054,  a  net  increase  in  the 
year  of  $198,533,272  over  the  total  of  1884 
($7,477,865,782),  the  rate  of  increase  for  the  year 
being  about  2.6  per  cent. 

The  cost  per  mile  of  all  the  roads  making  re- 
turn as  measured  by  the  amount  of  their  stocks 
and  indebtedness  equaled  very  nearly  $61,400, 
against  $61,800  for  1883. 

The  gross  earnings  or  receipts  of  all  the  lines 
from  which  returns  were  received  for  the  year 
equaled  $770,684,908,  of  which  $206,790,701 
were  received  from  transportation  of  passen- 
gers ;  $502,869,910  from  transportation  of 
freight;  $7,464,099  by  lines  the  returns  of 
which  were  so  incomplete  as  to  preclude  their 
use  in  the  tables  giving  the  general  results — the 
sources  of  income,  amount  of  tonnage  moved, 
etc.,  etc. ;  and  $53,749,997  from  the  transporta- 
tion of  mails  and  express  matter,  from  invest- 
ments, and  from  the  sales  of  lands  applicable 
to  the  payment  of  interest  or  dividends. 

The  number  of  persons  transported  in  1884 
by  all  the  lines  was  334,814,529,  against 
312,686,641  for  1883,  the  increase  for  the  year 
being  22,127,888,  the  rate  of  increase  equaling 
7.8  per  cent. 

The  number  of  passengers  carried  one  mile 
in  1884  equaled  8,778,581,061,  against  8,641,- 
309,674  for  1883,  the  increase  equaling  237,- 
271,387  persons  carried  one  mile,  the  rate  of 
increase  equaling  very  nearly  3  per  cent. 

The  distance  traveled  by  each  passenger  in 
1884  equaled  26.24  miles ;  in  1883,  27.32  miles. 

The  amount  received  per  passenger  per  mile 
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equaled  2.358  cents  in  1884,  against  2.422  cents 
in  1883.  Had  the  passenger  rates  for  1883  been 
maintained  for  1884,  the  earnings  from  this 
source  would  have  equaled  8212.617,233,  a 
sum  $5,826,532  greater  than  that  received. 

The  number  of  tons  of  freight  transported  on 
our  railroads  in  1884  equaled  390,074.740. 
against  400.453,439  tons  in  1883,  the  falling  off 
equaling  10,378,690  tons,  the 
being  about  2k  per  cent.  The  value  of  the 
tonnage  moved"  in  1S84,  estimating  its  value  at 


825   the  ton.  equaled    89,751, 
Ma  mail. 
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Ventilating  Snips. — We  have  just  received 
from  Mr.  J.  31.  J.  Barton  particulars  of  his 
system  of  ventilating  ships  by  means  of  a  close 
furnace  placed  in  the  upper  part  of  the  vessel. 
A  series  of  pipes  extends  from  the  several  com- 
partments in  the  vessels  to  the  furnace,  which 
is  closed  at  the  bottom,  and  the  doors  are  made 
to  tit  very  closely,  so  that  no  air  can  pass  to  the 
tire  except  through  the  pipes  provided  for  that 
purpose.  The  fire  in  the  furnace  causes  a 
draught,  and  as  no  air  can  enter  except  through 
the  pipes,  a  powerful  suction  will  be  produced, 
and  the  foul  air  in  the  several  parts  of  the  ship 
will  be  drawn  into  the  furnace.     Fresh  air  will 


A  t  the  meeting  of  the  Royal  Geographical 
i\ Society  held  recently,  Sir  Peter  Lumsden 
read  a  paper  on  the  countries  and  tribes  he  has 
recently  visited  west  of  Afghanistan.  He  gave 
an  interesting  description  of  the  geography  of 
the  Murghab  valley  and  the  customs  of  its  peo- 
ple, and  quoted  a  singular  account  of  the  Xu- 
maksar,  or  salt  lakes  of  Yar-oilan,  visited  and 
rate  of  decrease  |  described  by  Captain  Yate.  He  said: — "  The 
valley  of  the  lake  from  which  the  Tekke  Tur- 
komans from  Merve  get  their  salt  is  some  six 
miles  square,  and  is  surrounded  on  all  sides  by 
a  steep,  almost  precipitous,  descent  impassable 
for  baggage  animals,  so  far  as  I  am  aware,  ex- 
cept by  the  Merve  road,  in  the  northeast  corner. 
The  level  of  the  lake  I  made  to  be  about  1,430 
ft.  above  sea  level,  which  gives  it  a  descent  of 
some  400  ft.  from  the  level  of  the  connecting 
ridge,  and  of  some  950  ft.  below  the  general 
plateau  above.  The  lake  itself  lies  in  the  center 
of  the  basin  above  described,  and  the  supply  of 
salt  in  it  is  apparently  unlimited.  The  bed  of 
the  lake  is  one  solid  mass  of  hard  salt,  perfectly 
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level,  and  covered  by  only  1  in.  or  2  in.  of 
water.  To  ride  over  it  was  like  riding  over  ice 
or  cement;  the  bottom  was  covered  with  a 
slight  sediment,  but  when  that  was  scraped 
away  the  pure  white  salt  shone  out  below. 
How  deep  this  deposit  may  be  it  is  impossible 
to  say,  for  no  one  has  yet  got  to  the  bottom  of 
it.     To  the  east  of  the  dividing  ridge  is  the  see- 


naturally  pass  into  the  compartments  through  j  ond  lake,  from  which  the  Saryks  of  Penj-deh 
passages  provided  for  the  purpose.     The  inner 


ends  of  the  pipes  are  closed  by  gratings,  to 
prevent  the  entrance  of  live  coals.  This  device 
can  be  applied  in  any  marine  vessel,  but  is 
especially  adapted  for  steamers,  as  the  furnace 
of  the  boilers  could  be  utilized.  In  sailing  ves- 
sels a  special  furnace  would  have  to  be  pro- 
vided. 

The  steel  armor-plated  barbette  ship  Rodney, 
ten  guns,  9,600  tons.  7,000  horse-power, 
returned  to  Chatham  Dockyard  after  a  success- 
ful series  of  trials  of  her  engines.  The  official 
trial  was  of  the  most  satisfactory  character. 
With  a  natural  draught  the  following  results 
were  obtained  :— Mean  indicated  horse-power, 
starboard,  4,222 ;  port,  4,040 :  collective,  8,262 ; 
steam  in  the  boilers.  89  lbs.  ;  vacuum  in  con- 
densers, starboard  28.5  in.  ;  port,  28  in.  ;  revo- 
lutions per  minute,  starboard,  94 ;  port.  93  : 
mean  pressure  in  cylinders,  starboard,  high. 
45.61;  low.  11.74: 'port,  high,  43.44;  low, 
11.50.  With  forced  draught  and  enclosed 
stokeholes,  the  following  results  were  ob- 
tained:— Mean  indicated  horse-power,  star- 
board, 5,598.55  ;  port,  5,558  21  ;  collectively, 
11,156.76  ;  steam  in  the  boilers,  90  lbs.  ;  vacuum 
in  condensers,  starboard,  27.5  :  port.  28;  revo- 
lutions, starboard,  104  :  port,  103  ;  mean  press- 
ure in  cylinders,  starboard,  high,  59.75  ;  low, 
12.83;  port,  high,  60.10;  low,  12.78.  The  rate 
of  speed  attained  was  beyond  that  anticipated, 
over  17  knots  per  hour  being  made,  notwith- 
standing the  fact  that  the  vessel's  bottom  was 
foul  through  having  been  in  the  basin  at  Chat- 
ham so  long.  The  machinery  worked  with 
smoothness  and  regularity,  the  boilers  generat- 
ing an  ample  supply  of  steam,  and  no  hitch  oc- 
curred. 


take  their  salt.  The  valley  in  which  this  lake 
is  situated  is  much  the  larger  of  the  two.  The 
valley  proper  is  itself  some  fifteen  miles  in 
length  by  about  ten  miles  in  breadth.  The  salt 
in  this  lake  is  not  smooth  as  in  the  other,  and 
did  not  look  so  pure.  It  is  dug  out  in  flakes  or 
strata,  generally  of  some  4  in.  in  thickness,  is 
loaded  into  bags  and  carried  off  on  camels  for 
sale  without  further  preparation." 


T 


he  Loading  of  Heavy  Oednance. — The 
muzzle  of  a  9-inch  gun  was  blown  off  at 
Shoeburyness  during  some  experiments  with  a 
Hadfield  steel  shell  a  few  weeks  since,  and  the 
fragments  have  been  received  at  Woolwich  for 
examination  in  the  Royal  Gun  Factories.  So 
little  damage  has  the  gun  suffered  that  it  could 
still  be  fired  effectively,  and  the  extra  weight  of 
the  projectile,  coupled  with  the  strength  of  the 
powder  charge,  amply  account,  in  the  opinion 
of  the  authorities,  for  the  accident  having 
occurred.  The  event  has,  however,  says  the 
Morning  Post,  brought  into  prominence  the 
fears  which  have  been  felt  for  some  time  past, 
that  the  advocates  of  extreme  charges  are  sail- 
ing dangerously  close  to  the  wind.  The  ar- 
tillerists by  whom  these  charges  are  fixed  are 
satisfied  by  repeated  experiments  of  the  endur- 
ing qualities  of  the  new  guns  which  are  now 
being  manufactured,  but  it  is  worthy  of  remark 
that  the  cartridge  of  the  10.4  gun  is  to  be  190 
lbs.  of  powder,  whereas  the  much  larger  gun  of 
15.5  inches  (the  38-ton  gun)  has  a  charge  of  160 
only.  It  should  be  borne  in  mind,  however, 
that  the  violent  and  refractory  qualities  of  gun- 
powder have  been  of  late  subdued  beyond  all 
expectation.  When  the  "rifle large  grain "  was 
the  only  powder  used  for  great  guns,  pressures 
of  60  tons  were  by  no  means  uncommon,  but 
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as  soon  as  the  pressures  began  to  be  measured, 
they  began  to  diminish  until  the  introduction 
of  the  pebble  powders,  scientifically  compound- 
ed, sized  and  shaped,  brought  about  the  rule  of 
25  tons  as  the  maximum  pressure.  Since  that, 
however,  the  cocoa  and  prismatic  powders  have 
been  invented,  and  the  present  "brown"  pow- 
der, which  is  adopted  for  all  the  large  guns  in 
the  service,  is  found  to  give  the  full  velocities 
with  pressures  seldom  exceeding  16  tons.  In 
theory,  therefore,  the  gunners  might  safely  fire 
charges  of  the  new  gunpowders  three,  if  not 
four  times  the  weight  of  those  which  were 
fired  when  the  subject  of  explosives  was  less 
understood. 
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Papees    of    the    Institution  of    Civil  Engi- 

No.  2046.—  The  River  Buffalo ;  its  Flow,  etc. 
By  William  Bloomfield  Tripp,  M.  Inst.  C.  E. 

No.  2049. — The  Cape  Government  Railways. 
By  William  George  Brounger,  M.  Inst.  C.  E. 

No.  2059.— The  Electrical  Regulation  of 
Steam  Engines.    By  Peter  William  Williams. 

No.  2071. — Public  Works  of  the  Orange  Free 
State .    By  Gustave  Halle,  Assoc.  M.  Inst.  C.  E. 

No.  2077.— Purification  of  Water  by  Means 
of  Iron.  By  William  Anderson,  M.  Inst.  C  E., 
and  George  Henry  Ogston,  Assoc.  M.  Inst.  C.  E. 

No.  2078. — Pollution  of  the  Thames  near 
London.  By  Robert  William  Peregrine  Birch, 
M.  Inst.  C.  E. 

Introduction  to  Poor's  Manual  of  the  Rail- 
roads of  the  United  States  for  1885.  New  York : 
H.  V.  &  H.  W.  Poor. 

Cassell's  Family  Magazine  for  September, 
The  Magazine  of  Art  for  September,  The 
Quiver  for  September.  New  York :  Cassell  & 
Co. 

Beton  Coignet  and  Goodridge  System  of 
Constructing  and  Repairing  Railways,  etc. 
Pamphlet. 

The  Application  of  Wire  Rope  Tramways 
for  Purposes  of  Economical  Transportation. 
By  F.  C.  Roberts,  C.  E.  Trenton  :  Trenton 
Iron  Co. 

Measueement  of   the  Foece  of  Gravity 
and  Magnetic  Constants  at  Bonin  Is- 
land.    By  A.  Tanakadate,  Tokio  University. 

schedule  and   itinerary  of  exercises  of 
the    School    for    Engineers    at    Rome, 
Italy. 

Water  Meters.  By  Ross  E.  Browne. 
Science  series,  No.  81.  New  York  :  D. 
Van  Nostrand. 

This  little  book  chiefly  interests  those  people 
who  have  to  employ  or  submit  to  the  registra- 
tion of  their  water  supply  by  some  one  of  the 
few  mechanical  devices  which  can  presumably 
measure  a  flow  of  water  of  varying  velocity. 

Descriptions  and  accounts  of  comparative 
tests  of  the  Worthington,  the  Kennedy,  the 
Siemens,  the  Hesse,  the  Frazer  and  the  Crown 
meters  are  given.  The  descriptions  are  ren- 
dered clear  by  excellent  illustrations. 


TRANSACTIONS    OF    THE   AMERICAN    INSTITUTE 
of  Mining  Engineers.    Vol.  XIII.    New 
York  :  Published  by  the  Institute. 

This  volume  has  been  prepared  for  publica- 
tion with  remarkable  celerity,  the  proceedings 
of  the  meeting  of  February  last  being  included. 
It  comes  as  usual  in  the  form  of  an  exceed- 
ingly well-printed  paper-bound  volume ;  royal 
octavo  size,  806  pp. 

The  Preservation  of  Timber  by  the  use 
of  Antiseptics.  By  Samuel  Bagster 
Boulton.  Science  series,  No.  82.  -New  York : 
D.  Van  Nostrand. 

Engineers  engaged  in  all  branches  of  profes- 
sional labor  are  interested  in  the  subject  of  the 
preservation  of  timber. 

The  fact  that  underground  conduits  for  tele- 
graph lines  are  in  some  cases  made  of  prepared 
timber  lends  a  new  interest  to  the  subject.  This 
little  treatise  presents  the  views  of  the  mem- 
bers of  the  British  Institution  of  Civil  Engin- 
eers. 

Many  experiences  are  cited  and  valuable  re- 
sults recorded. 

That  the  subject  is  held  to  be  of  prime  im- 
portance is  well  proven  by  the  fact  that  the 
last  two  issues  of  the  Transactions  of  the  Am- 
erican Society  of  Civil  Engineers  are  devoted 
exclusively  to  this  same  subject. 

A  System  of  Iron  Railroad  Bridges  for 
Japan.  By  J.  A.  L.  Waddell,  C.  E. 
Published  by  the  University  of  Tokio. 

This  voluminous  work,  consisting  of  two  vol- 
umes of  royal  octavo  size,  is  designed  to  give 
instruction  to  engineering  students  in  Japan. 
It  affords,  by  aid  of  numerous  plates  and  many 
tables,  the  means  of  designing  iron  bridges  of 
the  prominent  American  varieties,  even  to  the 
smallest  details. 

The  calculations  are  easy,  and  the  descrip- 
tions of  parts  are  drawn  out  in  detail,  to  suit 
the  condition  of  learners  who  are  laboring  with 
a  newly-acquired  language,  and  are  seeking  to 
solve  new  engineering  problems. 

The  treatise  is  No.  11  of  the  Memoirs  of  the 
Tokio  Daigaku,  or  University  of  Tokio.  It  is 
a  credit  to  the  accomplished  author  as  an  engi- 
neer and  as  an  instructor. 

A  Catechism  of  the  Steam  Engine.  By 
John  Bourne,  C.  E.  New  edition,  much 
enlarged  and  mostly  rewritten.  New  York  : 
D.  Appleton  &  Co. 

No  particular  comment  on  the  scope  and  aim 
of  this  book  is  called  for.  There  is  no  "exten- 
sive treatise  on  the  steam-engine  in  the  English 
language  that  does  not  quote  or  refer  to  Bourne's 
treatises,  and  nearly  all  students  who  have  en- 
countered the  subject  of  steam,  and  have  need- 
ed a  clear  and  comprehensive  elementary  work, 
have  been  referred  to  Bourne's  Catechism. 

A  revision  of  the  original  well-known  edition 
was  naturally  demanded  by  the  recent  progress 
in  engineering.  Such  revision  it  has  received 
at  the  hands  of  the  author.  The  preface  as- 
serts that  he  has  been  unsparing  in  his  exci- 
sions, but  the  total  result  of  his  revision  is  a 
larger  book  than  before. 

The  part  explanatory  of  the  scientific  princi- 
ples of  steam  and  gas  engines  is  much  fuller 
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than  in  the  earlier  edition,  and  the  modern  doc- 
trine of  thermodynamics  is  fully  expounded. 
New  forms  of  compound  engines  are  described, 
and  a  new  chapter  on  air  and  gas  engines  has 
been  added.  A  collection  of  data  for  practical 
work  is  also  a  new  and  valuable  addition. 

Main  Drainage  Works  of  the  City  of  Bos- 
ton. By  Eliot  C.  Clarke.  Boston : 
Rockwell  &  Churchill. 

This  work  will  be  gladly  welcomed  by  the 
civil  engineers  throughout  the  country.  The 
successful  solution  of  a  great  engineering  prob- 
lem is  described  and  profusely  illustrated 

The  cure  of  defects  in  a  system  of  sewerage, 
already  established  and  long  in  use,  involves  in- 
tricate questions  of  health,  economy,  and  pub- 
lic policy,  apart  from  the  engineering  work. 
The  particular  solution  for  any  city  is  depend- 
ent upon  the  location  and  topography  In  the 
case  of  Boston,  the  question  of  method  was 
wisely  submitted  to  a  commission  of  eminent 
engineers.  The  history  of  the  new  system  nat- 
urally begins  with  the  report  of  this  commis- 
sion. An  account  of  the  survey  follows,  and 
then  a  description  of  the  entire  new  system. 

The  work  from  1^76  to  1380  was  under  the 
direction  of  Joseph  P.  Davis,  a  prominent 
member  of  the  American  Society  of  Civil  En- 
gineers. Upon  the  resignation  of  Mr.  Davis, 
Mr  Henry  M.  Wightman  became  his  successor. 
Mr.  Clarke,  the  author  of  the  present  report, 
was  the  principal  assistant-engineer  in  charge. 

Boston  is  justly  proud  of  her  drainage,  and 
American  engineers  may  regard  with  satisfac- 
tion the  evidence  afforded  by  this  work  of  the 
high  order  of  achievement  to  be  credited  to  the 
engineering  profession  in  this  country. 

Chemical  Problems.  By  Dr.  Karl  Stam- 
mer, translated  by  W.  S.  Hockinson,  A. 
M.     Philadelphia  :  P.  Blackiston,  Son  &  Co. 

Instruction  in  elementary  chemistry  is  now 
considered  incomplete  unless  it  includes  a 
course  of  problems.  Of  late  it  has  been  the 
custom  with  authors  to  append  suitable  examples 
to  each  section  of  their  text-books.  But  many 
good  text-books  are  deficient  in  this  respect, 
and  the  need  is  then  only  supplied  by  separate 
books  of  problems.  The  neat  little  book  be- 
fore us  will  supply  such  a  deficiency  to  a  fair 
extent. 

There  are  101  problems  in  the  book,  involv- 
ing the  principal  reactions  in  elementary  chem- 
istry, and  with  proper  attention  to  their  eco- 
nomic bearing.  There  is  scarcely  enough  va- 
riety of  kind,  however.  Problems  relating  to 
the  determination  of  the  symbols  of  compounds 
when  the  percentage  composition  is  given  ;  to 
determination  of  atomic  or  molecular  weight 
from  specific  heat ;  to  gaseous  volumes  of 
products  in  burning  hydro-carbon  vapors,  and 
to  electrolysis,  might  profitably  be  added  to  the 
otherwise  good  collection. 

Elementary   Mechanism.     By  Albert  W. 
j  Stahl,   M.  E.,  and  Arthur  F.   Woods. 
New  York :  D.  Van  Nostrand. 

The  attention  of  instructors  in  mechanism 
and  of  students  of  mechanical  engineering  is 
called  to  a  new  text-book  on  Elementary  Mech- 
anism, by  Arthur  F.  Woods  and   Albert  W. 


Stahl.  The  authors  are  engineer  officers  of 
the  U.  S.  Navy,  for  several  years  past  on  duty 
as  instructors  in  mechanical  engineering. 

The  book  was  prepared  by  the  authors  on  ac- 
count of  the  difficulty  of  obtaining  a  suitable 
text-book  for  the  use  of  their  classes  of  stu- 
dents. There  was  no  lack  of  works  on  the  sub- 
ject, but  it  seemed  to  the  authors  that,  for  their 
special  purposes,  some  of  the  existing  books 
were  too  vague  and  incomplete,  while  others 
partook  more  of  the  nature  of  exhaustive  treat- 
ises than  of  text-books.  The  aim  in  the  prep- 
aration of  this  volume  has  been  to  produce  a 
clear,  concise,  and  accurate  text-book.  All 
purely  theoretical  discussions  have  been  avoid- 
ed, except  when  they  led  to  direct  practical  re- 
sults. While  much  has  thus  been  omitted  that 
is  of  merely  abstract  interest,  yet  it  is  believed 
that  nearly  all  that  is  of  direct  practical  import- 
ance will  be  found  in  this  volume. 

An  introductory  chapter  of  definitions  and 
general  explanation  is  followed  by  a  chapter  on 
elementary  propositions  concerning  the  various 
modes  of  transmitting  motion.  The  third 
chapter  treats  of  the  transmission  of  motion  by 
rolling  contact,  and  includes  the  discussion  of 
rolling  cylinders,  cones,  hyperboloids,  ellipses, 
and  multi-lobed  wheels.  The  next  four  chap- 
ters treat  of  sliding  contact.  Special  attention 
is  given  to  the  teeth  of  wheels,  and  full  details 
are  given  of  the  practical  method  of  laying  out 
gearing  of  all  kinds,  both  by  the  exact  methods 
and  by  means  of  the  different  methods  of  ap- 
proximation. Under  the  head  of  sliding  con- 
tact are  also  shown  the  methods  of  laying  out 
cams,  screws,  worm-wheels,  slotted  links, 
escapements,  quick-return  motions,  etc.  The 
next  chapter  is  devoted  to  a  full  discussion  of 
the  transmission  of  motion  by  means  of  various 
kinds  of  linkwork.  The  usual  click  and 
ratchet  motions  come  in  this  chapter.  The  fol- 
lowing chapter  treats  of  the  transmission  of  mo- 
tion by  bands  or  belts,  and  includes  the  discus- 
sion of  twisted  belts,  guide  pulleys,  speed 
cones,  etc.  Having  thus  discussed  the  four  va- 
rieties of  elementary  combinations  for  the  trans- 
mission of  motion,  the  next  chapter  treats  of 
the  manner  of  employing  them  in  trains  of 
mechanism  The  manner  of  designing  practi- 
cal trains  of  mechanism  to  give  any  desired  ve- 
locity ratio  is  explained  by  a  number  of  prob- 
lems worked  out  in  detail.  The  last  chapter  is 
devoted  to  the  discussion  of  aggregate  combin- 
ations, such  as  Weston's  pulley,  differential 
screw,  parallel  motions,  drill-feed  motions,  oval 
chucks,  etc. 

A  collection  of  practical  problems  is  added, 
to  give  the  student  additional  practice  in  the 
application  of  the  principles  acquired. 

The  book  contains  300  pages,  and  is  profusely 
illustrated. 

Exterior  Ballistics.  By  Captain  James 
M.  Ingalls,  Captain  First  Artillery,  In- 
structor Fort  Monroe,  Virginia.  Printed  at 
the  United  States  Artillery  School. 

Captain  Ingalls  has  just  published  the  course 
of  exterior  ballistics  in  which  he  instructs  the 
students  of  the  Fort  Monroe  School.  This 
course,  remarkable  for  the  spirit  of  method  and 
of  healthy  discussion  shown  in  its  preparation, 
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is  divided  into  two  parts,  which  we  shall  pass 
in  review  successively. 

I.  Resistance  of  the  Air  ,—  The  author,  re- 
marking that  the  theory  of  gases  is  not  suffi- 
ciently developed  to  permit  a  theoretical  study 
of  the  question,  announces  that  he  is  simply 
seeking  an  experimental  law  sufficiently  ap- 
proximate. He  begins  by  establishing  the  law 
of  the  square  of  the  velocity  by  the  well-known 
demonstration  based  on  the  consideration  of 
the  impact  of  the  moving  plane  against  the  gas- 
eous molecules  when  the  velocity  is  normal  to 
its  surface;  then  he  treats  the  case  of  the 
oblique  movement,  and  adopts  the  following 
formula,  quoted  by  Poncelet  in  his  Meanique 
o 

Industrielle:  V=ps- — .       p       being    the 

l-\-sec2e 

pressure  on  the  normal  element,  s  the  sur- 
face, and  e  the  angle  which  the  plane  element 
makes  with  the  direction  of  the  motion.  He 
applies,  then,  this  formula  to  surfaces  of  revo- 
lution as  well  as  to  projectiles  with  conical,  el- 
lipsoidal, and  ogival  heads,  remarking  that 
these  applications  have  no  experimental  sanc- 
tion, since,  to  have  the  true  resistance,  it  would 
be  necessary  to  eliminate  the  pressure  on  the 
rear  portion  of  the  projectile,  a  pressure  whose 
value  is  unknown.  We  must,  then,  be  content 
with  empirical  formulae. 

After  an  historical  summary  of  former  ex- 
periments, the  author  studies  the  method  gen- 
erally adopted  to  estimate  the  resistance  of  the 
air,  knowing  the  velocity  of  the  projectile  in 
two  points  ;  he  points  out  the  error  committed, 
the  error  of  the  principle,  by  admitting  that  in 
this  intermediate  path  the  resistance  is  con- 
stant, and  corresponds  to  the  mean  of  the  two 
observed  velocities ;  he  calculates  the  error 
thus  committed  in  the  case  in  which  the  resist- 
ance would  follow  the  law  of  the  square  or  of 
the  cube  of  the  velocity.  After  having  given  a 
summary  of  the  formulae  of  General  Mayevski, 
relative  to  spherical  projectiles,  he  passes  to 
Bashforth's  method,  based,  as  we  know,  on  the 
measure  of  the  time  of  passage  of  the  projec- 
tile between  ten  consecutive  and  equidistant 
screens,  and  much  more  rigorous  than  the  pre- 
ceding method. 

We  know  that  Mr.  Bashforth  puts  the  resist- 
ance of  the  air  under  the  form  2bvs,  b  being  a 
constant,  considered  as  constant  in  the  analysis, 
but  which  varies,  in  reality,  with  the  velocity, 
so  that  we  must  give  it  in  each  case  a  particular 
value  taken  from  special  tables. 

Captain  Ingalls,  while  adopting  the  results 
given  by  Mr.  Bashforth,  does  not  keep  them 
under  the  form  2bv3,  but  in  discussing  the 
values  of  b,  or,  more  correctly,  of  a  constant  k, 
which  is  proportional  to  it,  he  is  led  to  write  the 
following  laws,  viz.  : 

P=d-A.f(v), 

9  .,    .    . 

d  being  the  diameter  of  the  projectile  in  mcnes, 

g  and  v  being  expressed  in  feet ;  we  shall  have 
For  v>13W,f(v)=v2,log.  A=  4.1525284 
from  1330'  to  1120',  /(«>)=fl3,  log.  A=J7.0364351 
from  1120'  to  990',/(v)=«6,  log.  A— 17.8865079 
from  990'  to  790',/O)=fl3,  log.  A=  8.8754872 
from    790' to    100',f(v)=v2,  log.  A=  5.7703827 


These  formulae  are  analogous  to  those  given  by 
General  Mayevski  in  1882.  Capt.  Ingalls  com- 
pares them,  and  remarks  that  these  last  give  a 
lesser  value  for  the  resistance  of  the  air,  which 
he  explains  by  the  more  elongated  form  of  the 
Krupp  projectiles.  Finally,  he  closes  this  re- 
markable discussion  by  generalizing  his  formu- 
lae, and  extending  them  to  projectiles  of  differ- 
ent forms  by  the  aid  of  the  following  demon- 
stration : 

If  we  determine  for  the  same  velocity  the 
values  A  and  A'  of  the  coefficient  A  of 
the  foregoing  formulae  for  the  typical  pro- 
jectile and  a  different  projectile,  we  can  take, 

A' 
in  general  p'=— p,  p'  being  the  resistance  op- 

A 
posed  to  the  second  projectile,  and  p  the  resist- 
ance given  by  the  above-mentioned  formulae, 
which  allows  our  using  for  the  new  shell  the 
ballistic  tables  calculated  for  the  first. 

This  principle  is  admissible  with  the  reserva- 
tion, however,  that  we  shall  determine  experi- 
mentally, for  different  velocities,  the  values  of 

A' 
the  ratio  —r- ,  in  order  to  establish  its  constancy, 

A. 

or  else  the  mean  value  to  be  used  in  each  case. 
II.  Motion  of  Projectiles. — In  this  second  part 
the  author  passes  in  review  the  different  meth- 
ods now  employed;  Bashforth's  method,  m 
which  we  express  the  different  elements  as 
functions  of  the  angle  e  of  the  tangent  with 
the  horizontal,  and  in  which  the  data  of  the 
problem  are  changed  by  the  adoption  of  a  mean 
value  for  the  variable  coefficient  "  k  "  of  the 
formula  of  resistance  kv3  •  Siacci's  method,  in 
which  all  the  elements  are  given  as  functions  of 
the  velocity,  and  in  which,  as  in  Didion,  the 

artifice  consists  in  replacing by  a  constant 

r         5coso    J 
value  a. 

He  applies  this  last  method  to  the  expres- 
sions that  he  has  established  to  represent  the 
resistance,  and  calculates  the  corresponding 
numerical  tables. 

It  is  to  be  noticed  that  the  author  has  com- 
pletely omitted  the  study  of  the  "derivation," 
and  has  examined  only  the  projection  of  the 
motion  on  the  plane  of  fire.  We  do  not  know 
whether  he  reserves  this  question  for  another 
work,  or  whether,  considering  the  lack  of  prac- 
tical importance  of  the  phenomenon,  he  has  be- 
lieved that  he  ought  to  neglect  studying  it — a 
study  which  the  insufficiency  of  our  knowledge 
of  the  theory  of  gases  renders,  moreover,  some- 
what unsubstantial. — Translation — Revue  d'Ar- 
UUerie,  May,  1885 


This  is  a  high  class  of  text-book.  The  cal- 
culations are  in  better  shape,  and  the  work  is 
mastered  and  worked  out  more  carefully  than 
usual.  The  most  noticeable  original  work  is 
in  the  investigation  of  resistances  to  projectiles 
with  heads  of  different  shapes,  although,  of 
course,  data  will  be  found  supplied  by  Mayev- 
ski and  Bashforth.  The  writer  appears  to  have 
studied  most  of  the  best  works  on  the  subject. 
Didion,  Krupp,  Siacci,  Greenhill,  Nivin  and 
Mackinlay  are  quoted.  The  work  is  put  in 
good  shape  by  the  author,  and  is  a  valuable 
contribution  to  the  literature  of  gunnery.     The 
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author  points  out  how  far  English  and  foreign 
results  are  in  accordance  with  each  other,  and 
discusses  them  fairly.  It  is  important  in  a  hook 
of  so  technical  a  character  to  have  the  opinions 
of  authorities  on  the  subject,  such  as  are  quoted 
in  the  work  itself.  Three  of  these  we  know  to 
be  favorable. 

Capt.  Ingalls  has  received  a  letter  from  Mad- 
rid, requesting  the  privilege  of  translating  his 
work  for  publication  in  the  ' '  Memorial  de  Ar- 
tilleria." — From  Tlie  Engineer,  London,  July 
24,  1885. 


MISCELLANEOUS. 

A  floating  dome  was  some  time  since  pre- 
sented by  M.  Bischoffsheim  to  the  Obser- 
vatory at  Nice.  It  is  intended  to  cover  a  colossal 
telescope ;  it  is  22  m.  in  diameter  in  inside,  and 
has  a  circumference  of  60  m. ,  or  2  m.  more  than 
the  dome  of  the  Pantheon.  Instead  of  render- 
ing it  movable  by  placing  it  on  rollers,  accord- 
ing to  the  ordinary  method,  it  is  closed  below 
by  a  reservoir  for  air,  which  rests  on  the  water 
in  a  circular  basin.  This  system  of  suspension 
is  said  to  be  so  perfect  that,  in  spite  of  its  great 
weight,  a  single  person  can  turn  it  completely 
round  the  horison. 

Acooeding  to  the  report  of  Dr.  Frankland,  on 
water  supplied  to  the  metropolis  during 
May,  the  Thames  water  sent  out  by  the  Chelsea, 
West  Middlesex,  Southwark,  Grand  Junction, 
and  Lambeth  Companies,  exhibited  a  further 
improvement  as  regards  organic  matter,  the 
average  proportion  being  even  less  than  in  any 
month  of  last  year.  All  the  waters  were  clear 
and  bright  on  delivery.  Of  the  water  drawn 
from  the  Lea,  that  distributed  by  the  New  River 
Company  was,  as  regards  organic  matter,  sec- 
ond only  to  the  best  of  the  deep-well  waters ; 
while  the  East  London  Company's  supply  con- 
tained rather  more  organic  matter  than  the 
Thames  waters.  Both  samples  were  clear  and 
bright. 

Maetix  Kiliaxa,  of  Munich,  has  recently 
described  a  new  method  of  zinc  extrac- 
tion. The  material  to  be  worked — precipitated 
zinc  oxide,  calamine,  calcined  blende,  zinc 
ashes,  &c. — is  placed  in  lead-lined  wooden  vats, 
and  digested  with  a  liquor  consisting  of  am- 
monium and  ammonium  carbonate,  until  the 
liquor  is  saturated  with  zinc.  After  filtration, 
the  solution  then  passes  to.  a  reservoir,  from 
which  it  is  fed  continuously  to  the  precipitation 
tanks.  The  cathodes  in  these  are  of  zinc  or 
brass,  the  anodes  of  sheet  iron.  A  portion  of 
the  zinc  in  solution  is  precipitated  in  a  compact 
metallic  form  on  the  cathodes,  with  a  corre- 
sponding liberation  of  oxygen  at  the  anodes. 
The  liquor  passes  through  the  precipitation 
tanks  at  a  speed  regulated  according  to  the 
amount  of  zine  contained  and  the  strength  of 
the  current  at  the  electrodes,  and  then  flows 
into  the  reservoir  at  a  lower  level,  from  which 
it  is  pumped  up  again  into  the  first  tanks,  to 
extract  a  fresh  amount  of  zinc,  and  pass  again 
to  the  precipitation  tanks.  All  the  vats  "and 
reservoirs  are  well  covered  over,  to  prevent  loss 
of  ammonia. 


The  longest  bicycle  ride  ever  made  has  just 
been  completed  by  Mr  H.  R.  Goodwin, 
of  the  North  Manchester  Club.  Leaving  Land's 
End  on  June  1st,  he  journeyed  to  John 
O'Groats,  having  reached  which  point  in  7£ 
days,  he  at  once  turned  southward,  and  again 
arrived  at  Land's  End  on  the  16th,  the  double 
journey  of  about  1750  miles,  or  from  one  ex- 
tremity of  England  to  the  other,  having  occu- 
pied less  than  sixteen  days.  From  Land's  End 
he  rode  to  London,  which  was  reached  on  the 
19th,  the  rider  having  just  completed  a  journey 
of  2050  miles  in  exactly  nineteen  days,  or  an 
average  of  108  miles  per  day.  Mr.  Goodwin 
rode  a  40-inch  ' '  Facile  "  safety  bicycle,  and  ar- 
rived in  London  well. 

A  Select  Committee  of  the  House  of  Lords, 
presided  over  by  the  Duke  of  Richmond, 
has  passed  the  Southwark  and  Vauxhall  Water 
Bill,  which  empowers  that  company  to  con- 
struct a  reservoir  at  Forest  Hill,  in  order  to  give 
a  high-service  pressure  to  Wimbledon.  It  also 
enables  the  company  to  affix  stop-cocks  to  every 
service-pipe  in  their  district  for  the  purpose  of 
preventing  and  detecting  waste,  which  stop- 
cock must  be  paid  for  by  the  consumer.  The 
bill  also  empowers  the  company  to  raise  £250,- 

000  additional  capital,  but  the  Committee  have 
inserted  a  clause  compelling  the  company  to 
raise  the  sum  by  debenture  stock  to  be  issued 
by  public  tender  at  par.  The  clause  by  which 
the  company  sought  powers  to  purchase  the 
dust-sifting  yard  near  their  Battersea  filter  beds 
was  struck  out  on  the  opposition  of  the  Brigh- 
ton Railway  Company,  the  owners  of  the  yard. 

The  coal  fields  of  Russia  are,  Mr.  W.  Mather 
says,  still  practically  undeveloped.  The 
Donetz  coal  field  is  too  remote  for  the  manufac- 
turing districts,  and  the  railroad  communica- 
tions are  too  uncertain  to  admit  of  its  being 
largely  used.  The  lignite  found  within  a  radius 
of  200  miles  of  Moscow  does  not  offer  fuel  of 
a  sufficiently  good  quality.  It  is  a  remarkable 
fact  that  during  the  past  two  years  English  coal 
has  been  found  to  be  the  most  profitable  fuel 
that  manufacturers  could  use  immediately 
around  Moscow  at  a  price  laid  down  of  about 
40s.  per  ton.  Twenty  years  ago  the  price  of 
wood  fuel  was  so  low  as  to  be  equivalent  to 
coal  at  10s.  per  ton,  and  now  coal  at  40s.  per 
ton  is  cheaper  fuel.  This  is  apparently  a  con- 
sequence of  the  reckless  destruction  of  forests 
in  Russia  without  systematic  planting  under 
Government  supervision. 

IN  the  Bulletin  de  la  Societe  d' Encouragement 
pour  Vlndustrie  Nationale,  M.  Carnot,  in  a 
report  presented  by  him  on  behalf  of  the  Com- 
mittee of  Chemical  Arts,  showed  that  the 
cause  of  the  corrosion  of  sheet  copper,  em- 
ployed for  the  sheathing  of  ships  is  the  presence 
of  cuprous  oxide,  which,  in  contact  with  salt 
water,  occasioned  the  formation  of  soluble 
salts,  even  when  the  air  is  excluded.  In  order 
to  reduce  more  completely  the  oxygen  com- 
pounds present  in  the  copper,  he  introduces  a 
small  quantity  of  metallic  manganese,  which 
completely  reduces  the  cuprous  oxide  remain- 
ing in  the  metal,  and  becomes  converted  into  a 

1  manganese  silicate,  in  contact  with  the  sides 
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and  the  sole  of  the  furnace.  If  a  few  thousandths 
of  manganese  remain  alloyed  with  the  copper, 
they  affect  neither  its  malleability  nor  its  resist- 
ance to  the  action  of  sea  water.  The  manga- 
nese is  introduced  in  the  form  of  cupro-manga- 
nese,  an  alloy  containing  75  per  cent,  of  copper 
and  25  of  manganese. 

Mde  Tromelin  has  attacked  the  hypothesis 
.  that  clouds  are  composed  of  vesicles 
or  hollow  spheres  of  condensed  vapor.  He 
supposes  that  every  solid  body,  whatever  may 
be  its  diameter,  retains  around  it  by  adhesion  a 
special  atmosphere  of  the  gas  in  which  it  is 
plunged ;  that  the  thickness  of  this  atmosphere 
is  nearly  independent  of  the  volume  of  the  solid 
body;  that  the  attraction  which  retains  it  is 
within  the  domain  of  the  molecular  forces,  and 
is  manifested  only  within  very  short  distances. 
In  this  way  he  accounts  for  the  difficulty  of 
completely  removing  the  air  from  a  tube  which 
is  to  be  filled  with  liquid.  In  the  case  of  a 
vesicle  surrounded  by  its  atmosphere,  the  ther- 
mal absorption  of  the  water  is  much  greater 
than  that  of  the  surrounding  diathermanous 
air.  The  atmosphere  of  the  vesicle  is  conse- 
quently expanded,  and  the  particle  with  its  at- 
mosphere floats  by  displacing  an  equal  volume 
of  the  circumambient  air.  The  dust  particles 
which  are  observed  in  the  sun's  rays  are  sup- 
posed to  be  sustained  in  the  same  way. 

The  report  of  Mr.  William  Crookes,  F.R.S., 
Dr.  William  Odling,  and  Dr.  C.  Meymott 
Tidy  on  the  water  supplied  to  London  during 
April,  states  that  "throughout  the  preceding 
months  of  February  and  March,  the  water  sup- 
ply manifested,  although  but  in  a  moderate  de- 
gree, what  may  be  called  its  wintry  character- 
istics ;  which  our  results  show  to  have  been  put 
off  altogether  in  the  supply  of  the  past  month. 
Thus,  while  the  maximum  proportion  of  organic 
carbon  in  the  Thames-derived  water  furnished 
in  February  and  March  was  .  256  part,  and  the 
mean  proportion  .181  part  in  100,000  parts  of 
the  water,  the  maximum  proportion  in  the 
water  furnished  during  the  past  month  was 
.152  part,  and  the  mean  proportion  .141  part  in 
100,000  parts  of  the  water — the  seasonal  im- 
provement, it  is  noticeable,  being  shown  as 
much  in  the  greater  uniformity  of  the  samples, 
as  in  the  mean  reduction  of  the  rarely  otherwise 
than  small  proportion  of  organic  matter  pres- 
ent. Of  the  167  samples  examined,  the  whole 
were  found  to  be  perfectly  clear,  bright,  and 
well  filtered." 

In  his  instructions  relating  to  sewer  works, 
Sir  R.  Rawlinson  observes  that  Portland 
cement  and  lias  limes  make  good  hydraulic 
mortar.  The  proportions  of  cement,  or  of 
lime  to  sand,  should  not  exceed  2^  of  clean 
sharp  sand  to  one  by  measure  of  ground  Portland 
cement  or  lias  lime.  If  clean  furnace  ashes 
or  slag  is  available,  there  may  be  two  of  sand 
and  one-half  of  ashes  or  slag,  the  whole  to  be 
mixed  in  a  revolving  pan,  each  panful  to  have 
twenty  minutes'  grinding.  When  mortar  is 
used  with  bricks,  the  beds  and  joints  should  be 
spread  thick  and  full  over  the  entire  area  of 


both  bed  and  joint,  leaving,  when  pressed  into 
place,  a  bed  and  joint  never  less  than  £  in.  in 
thickness  of  mortar.  In  four  cubic  yards  of 
completed  brickwork  there  should  not  be  less 
than  one  cubic  yard  of  mortar  incorporated. 
In  making  mortar  or  concrete  it  will  be  of  the 
utmost  importance  to  use  clean  materials  and 
to  preserve  them  clean.  The  water  used  for 
wetting  bricks  and  for  mixing  concrete  and 
mortar  must  be  free  from  salt.  Concrete  and 
mortar  should  also  be  used  on  clean  surfaces. 


A  Broken  File. — There  is  no  tool  so  easily 
broken  as  the  file  that  the  machinist  has 
to  work  with,  and  is  about  the  first  thing  that 
snaps  when  a  kit  of  tools  gets  upset  upon  the 
cross-beam  of  a  machine  or  a  tool  board  from 
the  bed  of  an  engine  lathe.  It  cannot  even  be 
passed  from  one  workman  to  another  without 
being  broken,  if  the  file  is  a  new  one  or  still 
good  for  anything,  if  an  apprentice  has  got 
anything  to  do  with  it,  and  they  are  never 
worth  mending,  however  great  may  be  their 
first  cost,  unless  the  plaster  of  Paris  and  lime 
treatment  can  make  a  perfect  weld  without  in- 
juring the  steel  or  disturbing  the  form  of  the 
teeth.  Steel  that  is  left  as  hard  as  a  file  is  very 
brittle,  and  soft  solder  can  hold  as  much  on  a 
steady  pull  if  it  has  a  new  surface  to  work 
from.  Take  a  file,  as  soon  as  it  is  broken,  and 
wet  the  break  with  zinc  dissolved  in  muriatic 
acid,  and  then  tin  over  with  the  soldering  iron. 
This  must  be  done  immediately  as  soon  as  the 
file  is  broken,  as  the  break  begins  to  oxydize 
when  exposed  to  the  air,  and  in  an  hour  or  two 
will  gather  sufficient  to  make  it  impossible  for 
the  parts  to  adhere.  Heat  the  file  as  warm  as 
it  will  bear  without  disturbing  its  temper  as 
soon  as  well  tinned,  and  press  the  two  pieces 
firmly  together,  squeezing  out  nearly  all  the 
solder,  and  hold  in  place  till  the  file  cools. 
This  can  be  done  with  very  little  to  trim  off, 
and  every  portion  of  the  break  fitting  accurate- 
ly in  place.  Bring  both  pieces  in  line  with  each 
other,  and,  for  a  file,  it  is  as  strong  in  one  place 
as  in  another,  and  is  all  that  could  be  asked 
for  under  the  very  best  of  welding  treatment. — 
Boston  Journal  of  Commerce. 

The  incandescent  lamp  life-test  which  has 
been  going  on  at  the  Franklin  Institute, 
Philadelphia,  has  reached  its  1064th  hour.  The 
Scientific  American  says  the  Edison,  the  Wes- 
ton, the  Stanley,  and  the  Woodhouse  and 
Rawson  companies  competed.  The  Sawyer- 
Man  and  Brush-Swan  companies  were  invited, 
but  declined  to  participate  in  the  trial.  Extra- 
ordinary precautions  were  taken  to  prevent 
access  to  the  lamps  except  by  members  of  the 
committee.  The  lamps  were  lighted  on  April 
11th,  and  have  burned  ever  since.  At  11.35 
this  morning  the  Edison  Company,  who  had 
entered  21  lamps,  had  lost  1 ;  the  United  States 
Company,  who  entered  24  had  lost  17 ;  the 
Stanley  Company  had  lost  19  out  of  22,  and 
Woodhouse  and  Rawson,  an  English  firm,  had 
lost  11,  or  their  whole  number  entered.  The 
Edison  Company  used  the  natural  fiber  bamboo 
carbon,  while  the  Weston  people  used  the  arti- 
ficial tamidene  carbon. 
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Much  has  been  written  concerning  the 
chemical  composition  of  steel  ingots,  but 
only  small  attention  has  as  yet  been  paid 
to  the  internal  appearance  of  the  same. 
The  study  of  the  structure  of  steel  is,  how- 
ever, equally  as  interesting  as  the  study  of 
chemical  composition  and  may  throw 
light  on  many  facts  which  cannot  be  ex- 
plained by  chemical  analysis  alone. 

Steel  ingots  may  be  faultless  as  to 
chemical  composition  and  still  give  both 
good  and  bad  results,  owing  to  different 
modes  of  casting  the  metal  into  the 
molds. 

Some  of  the  faults  that  are  found  in 
ingots  are  due  to  purely  physical  causes, 
whilst  others  are  derived  from  the  chem- 
ical composition. 

The  defects  found  in  steel  ingots  may 
be  divided  into  : 

I.  Those  due  to  physical  causes  ; 
II.  Those  due  to  chemical  causes ;  and 
III.  Those  that  arise  when  the  steel  is 
heated. 

I.  Physical  defects  in  Ingots. 

If  we  split  an  ingot  in  the  longitudinal 
direction,  a  cavity  will  be  found,  varying 
in  size  according  to  the  general  solidity 
of  the  metal. 

This  cavity  is  called  "  pipe ; "  it  occurs 
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not  only  in  steel  castings,  but  in  castings 
of  other  metals,  and  the  higher  the  melt- 
ing point  of  the  metal,  the  larger  the 
"  pipe."     A  few  words  will  explain  this. 

When  a  metal  of  any  kind  is  cast  into 
a  cast-iron  mold,  the  outer  part,  or  that 
part  which  is  in  contact  with  the  mold, 
cools  and  solidifies  whilst  the  inner  part 
of  the  metal  is  yet  fluid  and  hot.  The 
outer  part,  therefore,  by  becoming  rigid 
sooner  than  the  inner  part,  caused  the 
ingot  to  occupy  a  larger  volume  than 
would  have  been  the  case  if  all  parts  had 
cooled  equally  quickly. 

When  the  cooling  takes  place  concen- 
trically with  the  mold,  a  moment  will 
arrive  when  the  solidified  outer  layers,  in 
the  upper  parts  of  the  ingot  at  least,  do 
not  longer  remain  in  contact  with  or  re- 
ceive addition  of  molten  metal,  the  latter 
sinking  away  as  the  temperature  falls, 
owing  to  its  contraction  as  well  as  to  its 
weight. 

Therefore,  if  the  ingot  is  filled  in  the 
position  indicated  Fig.  1,  a  cavity,  A,  will 
be  found  in  the  top  ;  and  this  cavity  is 
larger  the  higher  the  melting  point  of 
the  metal  is. 

This  cavity  is  not  absolutely  regular  in 
form,  but  generally  consists  of  a  large 
cavity  A,  and  several  small  cavities  aa. 

The   large   cavity,  A,  stretches  almost 
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all  the  way  from  the  top  to  the  bottom 
of  the  ingot,  but  is  of  smaller  significance 
in  the  bottom  part,  or  the  part  which  wa^s 
cast  first. 

These  central  cavities  form  the  "  pipe," 
they  are  characteristic  not  for  steel  only, 
but  for  all  metal  castings.  They  increase 
in  size  with  increased  melting  point  and 
co-efficient  of  expansion  of  the  metal. 

From  what  has  been  said  it  is  evident 
that  it  must  be  very  difficult  to  avoid 
these  central  defects  in  steel.  We  will 
now  show  by  what  means  the  evil  can  be 
lessened. 


Fig.  3,  and  the  "  pipe  "  will  be  located 
somewhat  above  the  center,  at  oo. 


Let  us  imagine  a  perfectly  spherical 
mold,  containing  fluid  steel.  It  is  then 
evident  that,  on  cooling,  a  symmetrically- 
shaped  cavity  will  be  formed  at  the 
center  of  the  sphere,  no  regard  being 
taken  of  the  force  of  gravity  acting  on 
the  steel,  Fig.  2.  In  reality,  however, 
this  cannot  take  place,  because  the  metal 
must  be  poured  in  through  a  hole,  Fig.  3, 
and  the  metal  that  first  comes  into  con- 
tact with  the  mold  is  first  cooled.  The 
continued  inpouring  of  metal  fills  up  the 
shrinkages  of  the  first-cooled  metal  and 
prevents  cavities  therein.  The  force  of 
gravity  causes  the  fluid  metal  to  flow  in 
and  fill  up  any  cavities  that  may  have 
formed.  Therefore,  when  the  mold  is 
filled,  there  will  be  a  layer  of  first-cooled 
metal  as  indicated  by  the  dotted  lines, 


The  position  of  the  "  pipe  "  varies,  even 
for  the  same  metal,  with  the  temperature 
at  casting  and  the  heat-conducting  capa- 
city of  the  mold. 

A  cast-iron  mold  should  thus  be  made 
thicker  at  the  casting  .hole  than  at  the 
lower  end,  Fig.  4.  The  first  layer  of 
cooled  metal  will  then  be  nearly  concen- 
trical  with  the  mold,  for  the  reason  that 
the  upper  and  thicker  parts  abstract  more 
heat  than  the  lower  and  thinner  parts. 
The  "pipe''  will  in  this  case  be  more 
centrally  located  than  in  a  cast-iron  mold 
of  uniform  thickness. 


In  general,  the  "pipe"  will  be  the 
nearer  to  the  center  the  less  the  mold 
conducts  heat,  the  first-formed  layer  of 
chilled  metal  being  thinner.  Thus,  in  a 
sand  mold,  the  pipe  will  be  more  central 
than  in  a  cast-iron  mold. 

MOLD  MADE  OF  MATEEIALS  OF  DIFFERENT 
HEAT-CONDUCTING   CAPACITY. 

Fig.  6  shows  a  spherical  mold,  in  which 
the  lower  half  H  consists  of  cast  iron  and 
the  upper  part  (H')  of  sand.  The  dotted 
lines  I,  I',  I",  indicate  the  shape  of  the 
chilled  layers  in  this  case.  The  irregular 
shape  is  due  to  the  difference  in  heat- 
abstracting  power  between  the  sand  and 
the  cast  iron.     The  "  pipe  "  is  here  situ- 
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ated  much  nearer  to  the  casting  hole  than 
if  the  whole  mold  had  consisted  of  cast 


iron. 


We  will  now  proceed  to  describe  the 
various  cases  that  may  occur  in  practice. 


Fi-.G 

"pipe"  in  ordinary  ingots. 

For  ingots  that  are  to  be  hammered  or 
rolled,  the  fluid  metal  is  generally  cast 
into  slightly  conical  cast-iron  molds,  open 
at  both  ends,  and  resting  with  the  larger 
end  upon  a  cast-iron  plate. 

When  the  metal  has  been  cast  into  the 
mold,  water  or  sand  is  thrown  on  top  of 
the  ingot  according  to  the  more  or  less 
quiet  behavior  of  the  metal.  Hereby  a 
solid  crust  is  immediately  formed,  which 
resists  the  rising  of  the  steel  during  cool- 
ing. An  ingot,  on  cooling,  may  become 
either  solid  or  full  of  holes  (honeycombed). 
In  the  former  case  a  small  amount  of 
water  suffices  to  produce  the  solid  top- 
crust.  The  upper  surface  cools  in  the 
air,  whilst  the  other  surface  parts  of  the 
ingot  cool  in  contact  with  the  sides  of 
the  mold.  The  air  has  much  less  power 
to  conduct  heat  than  cast  iron ;   Fig.  7 


Fi-.T' 


shows  how  the  cooling  in  the  ingot  prob- 
ably proceeds  in  this  case. 

If,   instead   of  letting   the   steel   cool 


slowly  in  the  mold,  the  ingot  is  taken  out 
as  soon  as  the  top  crust  is  sufficiently 
thick,  and  thrown  down,  so  as  to  rest 
upon  one  of  its  sides,  the  "  pipe  "  will  ob- 
tain the  position  shown,  Fig.  8. 


Fis.8 


By  turning  the  ingot  upside  down,  as 
shown,  Fig.  9,  the  "  pipe  "  is  moved  to  the 
thicker  end  of  the  ingot. 


Fig.  9 

Sometimes  a  brick,  B,  is  inserted  in  the 
cast-iron  plate,  Fig.  10,  to  protect  the 
latter  from  the  destructive  action  of  the 
stream  of  metal  when  casting.  In  this 
case  it  may  occur  that  we  find  a  "  pipe  " 
R'  in  the  lower  part  of  the  ingot  as  well 
as  in  the  upper  part,  viz.  :  if  the  brick 
be  sufficiently  large. 


In  all  these  cases  we  have  supposed 
that  the  steel  is  "  cast  from  the  top." 
Now,  let  us  consider  the  case  when  the 
steel  is  "cast  from  the  bottom." 

Fig.  11  shows  how  the  steel  enters  the 
mold  from  the  bottom.  When  the  mold 
is  filled,  the  hottest  steel  will,  of  course, 
in  this  case,  be  in  the  lower  parts,  and 
the  colder  metal  in  the  upper  parts.    The 
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"  pipe  "  K  will 


therefore  be  found  some- 
what nearer  to  the  bottom  than  what 
would  have  been  the  case  if  the  steel  had 
been  cast  from  the  top. 


Fig.  11 

From  what  has  been  said  it  is  obvious 
that  the  "pipe"  cannot  be  completely 
avoided  in  steel ;  but  its  influence  on  the 
quality  of  the  metal  can  be  considerably 
modified,  and,  in  some  cases,  completely 
destroyed. 

In  many  cases,  where  a  perfect  steel  is 
required,  it  is  necessary  to  remove  that 
part  of  the  ingot  that  contains  the  Zi  pipe." 
Particularly  when  hardening  steel  this 
becomes  necessary,  as  the  steel  is  sure  to 
crack  in  that  operation  if  it  be  internally 
defective. 


IP-ig.12 


Suppose  we  have  a  forged  cylinder  of 
steel,  Fig.  12,  in  which  the  "  pipe  "  has 
not  been  removed,  but  simply  pressed 
together  during  the  hammering.  Let  us 
submit  this  cylinder  to  an  effective  hard- 
ening and  try  to  follow  the  cooling  step 
by  step. 

As  soon  as  the  metal  is  plunged  into 
the  liquid,  the  outer  parts  of  the  cylinder 
are  violently  contracted ;  but,  as  the  inner 
parts  are  yet  very  hot,  the  outer  parts 
cannot  reach  the  smaller  volume  which 
corresponds  to  the  diminished  tempera- 


ture. The  outer  parts  are  consequently 
stretched,  and  remain  in  a  state  of  ten- 
sion. During  the  second  period  of  the 
cooling,  viz. :  when  the  outer  parts  of  the 
cylinder  give  off  to  the  liquid  as  much 
heat  as  they  receive  from  the  inner  parts, 
these  latter  strive  to  contract ;  but,  as 
they  are  intimately  combined  with  the 
outer  parts,  which  have  already  become 
rigid,  they  are  prevented  from  resuming 
the  volume  which  they  would  have  occu- 
pied if  the  cooling  had  taken  place  in  the 
ordinary  way.  The  inner  parts  try,  in 
their  turn,  to  contract  the  outer  parts, 
and  finally  the  whole  remains  in  a  state 
of  tension. 

Thus,  in  every  hardened  piece  of  steel 
of  the  shape  mentioned,  the  outer  parts 
are  subject  to  a  compressing,  the  inner 
parts  to  an  expanding,  strain. 

It  is  evident,  then,  that  the  ends  MM 
of  the  compressed  "  pipe"  may  cause 
ruptures,  and  it  is  easy  to  see  that  the 
strains  above  referred  to  must  weaken 
the  material  at  these  points  and  make  the 
piece  crack. 

What  has  been  said  regarding  the 
"pipe"  can  be  applied  to  other  similar 
defects  in  steel. 

THE  "  SINKHEAD  "  AS  A  MEANS  OF  REMOV- 
ING THE  "  PIPE." 

If  we  investigate  the  various  means  for 
removing  the  "  pipe,"  the  influence  of 
which  is  so  destructive  for  certain  articles, 
such  as  steel  guns,  for  instance,  we  can 
easily  see,  from  the  mode  in  which  the 
"pipe"  is  formed,  that  if  the  cavities 
could  be  filled  with  molten  steel  as  they 
form,  there  would  be  no  "  pipe."  Unfor- 
tunately, it  is  impossible  to  accomplish 
this  in  practice ;  but,  with  the  aid  of  what 
has  been  said  regarding  the  casting  of 
steel  into  molds  of  different  material 
(Fig.  6),  we  can  come  tolerably  near  the 
solution  of  the  problem. 

Fig.  13  shows  a  cast-iron  mold,  placed 
upon  a  cast-iron  plate.  The  cast-iron 
mold  has  at  the  top  a  continuation,  con- 
sisting of  some  non-conducting  sub- 
stance. When  this  mold  is  filled  with 
steel,  and  the  upper  end  closed  with  dry 
sand,  the  whole  "  pipe  "  will  be  concen- 
trated in  the  upper  part  above  the  cast- 
iron  mold.  If  then  the  part  ABCD  be 
cut  off,  one  can  be  certain  of  having  an 
ingot  free  from  "  pipe." 

What  now  has  been  said  only  refers  to 
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Fig.  13 

such  steel  that  does  not  rise  in  the  mold 
after  casting. 

It  is  easy  to  explain  the  action  of  the 
"  sinkhead,"  or  that  part  of  the  molten 
metal  that  is  contained  in  the  non-con- 
ducting part  of  the  mold.  This  sinkhead 
consists  of  the  hottest  steel,  or  the  steel 
that  came  last  from  the  ladle  or  furnace, 
and  is  prevented  from  cooling  by  the 
sand  and  the  non-conducting  part  of  the 
mold.  Fluid  steel,  therefore,  flows  down 
and  fills  the  cavities  in  the  ingots  as  they 
form.  The  ingot  thus  becomes  solid, 
whilst  the  sinkhead  is  full  of  holes. 

The  sinkhead  need  not  be  very  big,  as 
compared  with  the  ingot,  if  it  only  be 
wide  enough,  so  as  not  to  become  rigid 
before  the  formation  of  cavities  in  the  in- 
got has  thoroughly  ceased.  Otherwise 
two  "  pipes  "  will  be  formed,  one  in  the 
head  and  one  in  the  ingot,  Fig.  14. 


Fig.  14. 
Insufficient  Sinkhead.  200  Kg.  Ingot. 


20  </0  of  the  height  of  the  ingot  should 
be  taken  as  sinkhead  ;  this  does  not,  how- 
ever, correspond  to  20  #  of  the  weight 
of  the  ingot,  as  the  sinkhead  is  nearly 
empty. 

PRECAUTIONS  TO  BE  TAKEN  IN  ORDER  TO 
MAKE  THE  SINKHEAD  EFFECTIVE. 

It  should  be  borne  in  mind  that  what 
has  been  said  above  does  only  apply  to 
such  steel  that  stands  quietly  in  the 
molds  without  evolution  of  gas.  The 
case  of  rising  steel  will  be  considered 
below. 


Fig.  15 

Sufficient  Sinkhead.  1200  Kg.  Ingot. 

The  sand  in  the  sinkhead  should  be 
sufficiently  refractory  not  to  melt  in  con- 
tact with  the  hot  steel ;  otherwise  the 
slag  thus  formed  reacts  on  the  steel  so 
as  to  cool  and  impede  the  useful  action 
of  the  sinkhead.  The  sinkhead  -  mold 
must  be  perfectly  dry  before  pouring  in 
the  metal ;  the  moisture  would,  if  present, 
cause  too  rapid  cooling. 

The  sinkhead  should  have  as  nearly  as 
possible  the  same  transverse  dimensions 
as  the  ingot,  and  its  height  must  not  be 
less  than  20$  of  the  total  height. 

Casting  from  the  bottom  must  be 
avoided,  because  such  casting  brings  the 
colder  metal  to  the  top.  When  the  mold 
is  so  high,  however,  that  casting  from  the 
top  would  injure  the  bottom-plate,  the 
casting  may  be  commenced  from  the  bot- 
tom and  completed  from  the  top. 
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Fig  10 
ANOTHER   MODE    OF    USING    THE    SINKHEAD. 

It  is  not  absolutely  necessary  to  make 
the  sinkhead-mold  of  sand.  For  small 
ingots  another  method  may  be  used ;  it 
is  not  quite  so  efficient,  but  in  many  cases 
useful. 

The  method  consists  in  having  a  mold, 
as  shown  in  Fig.  17,  resting  with  its  nar- 
rower end  on  the  bottom-plate.  The 
thickness  of  the  sid§s  of  the  mold  is  de- 
creasing upwards.  The  metal  is  tapped 
direct  into  the  mold  from  the  top.  As  is 
seen  from  Fig.  17,  an  upper  layer  AB 
acts  as  sinkhead  for  a  lower  layer  CD. 
The  metal  in  AB  reached  the  mould  later 
than  the  metal  in  CD,  and  is  consequent- 


ly;hotter.  The  sides  of  the  mold  being 
thicker  towards  the  lower  end  more  heat 
is  lost  by  conduction  in  CD  than  in  AB. 
Finally,  AB  being  larger  than  CD,  the 
former  cools  slower  than  the  latter.  For 
these  reasons  the  metal  in  the  upper  part 
of  the  mold  must  be  hotter  than  the 
metal  underneath,  thus  acting  as  sinkhead 
for  the  latter. 

If  dry  sand  be  put  on  top  of  the  steel, 
the  upper  part  of  the  ingot  will  remain 
superheated  sufficiently  long  to  cause  the 
whole  "  pipe  "  to  concentrate  there  com- 
pletely. 

MEANS      FOR      DISTRIBUTING      THE      "  PIPE  " 
THROUGH  THE  WHOLE  MASS  OF  THE  INGOT. 

In  certain  cases  it  is  suitable  to  have 
the  "pipe"  spread  through  the  whole 
mass  of  steel  instead  of  concentrating  it 
in  the  upper  part. 

The  method  for  doing  this,  which  we 
will  now  mention,  has  only  a  limited  use- 
fulness, but  may  be  applied  in  certain 
cases. 


Fig. IT 


Fig.lS 

Suppose  the  ingot  to  be  taken  out  of 
the  mold  and  laid  upon  one  of  its  larger 
sides.  The  "  pipe  "  will  then  occupy  the 
position  indicated,  Fig.  8,  after  cooling. 
If,  however,  instead  of  allowing  the  ingot 
to  cool  undisturbedly,  we  keep  rolling  it 
over  and  over,  it  is  evident  that  the 
"  pipe  "  must  be  split  up  and  distributed 
throughout  the  steel,  Fig.  18. 


The  ingot  need  not  be  revolved  very 
rapidly,  but  the  motion  must  be  kept  up 
as  long  as  the  metal  remains  fluid ;  other- 
wise the  central  parts  of  the  ingot  will 
be  almost  separated  from  the  rest,  Figs. 
19,  20.  This  has  been  confirmed  by  ex- 
perience. 


OX    THE   STKrCTTTKE   OF   STEEL   IXGOTS. 


359 


INFLUENCE 


ON      CERTAIN 


EORGED    AND    ROLLED    ARTICLES. 

Everybody  who  has  had  to  do  with  the 
rolling  of  steel  rails  knows  that  the  end 
of  the  rail  sometimes  shows  a  crack,  E, 
Fig.  21 ;  this  crack  is  often  situated  in 
the  web  or  stem  of  the  rail. 


Fig.  ax 

This  crack  is  due  to  the  "pipe,"  the 
sides  of  which  have  not  welded  together 
during  rolling.  Such  a  rail  is  apt  to 
break  at  one  single  impact.  The  crack 
in  question  may  often  exist  in  the  rail 
without  being  visible  at  the  end. 

If  the  "pipe  "  should  happen  to  occupy 
the  position  indicated,  Fig.  8,  the  crack 
will  probably  be  found  in  the  head  or  in 
the  foot  of  the  rail. 

Doubtless  many  rails  have  broken  on 
account  of  said  crack,  and  not  in  conse- 
quence of  some  slight  deviation  from  the 
chemical  composition  ordinarily  used. 
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Fig. 22 

In  tyres  the  effect  of  the  "pipe"  is 
different.  When  punching  the  hole  in  a 
round  tyre-ingot,  it  may  happen  that 
only  part  of  the  crack  E,  Fig.  22,  is  re- 
moved. In  this  case  a  line,  E,  remains  on 
the  inside  of  the  tyre,  Fig.  23. 
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Fig.  2  3 


Such  a  tyre,  after  being  in  service  for 
some  time,  generally  splits  in  two. 

In  the  manufacture  of  axles  it  often 
happens  that  too  small  ingots  are  used. 
In  this  case  a  crack,  due  to  the  "pipe,"  is 


Fig.Q-i 


likely  to  occur  in  one  end  of   the  axle, 
Fig.  24,  whilst  the  other  end  is  perfect. 


RISES        DURING 


"pipe"  in    steel    that 

COOLING. 

Some  steels,  poor  in  silicon,  when 
tapped  at  a  certain  temperature,  continue 
to  rise  in  the  mold  for  some  time  imme- 
diately after  casting. 

Whatever  be  the  cause  of  this  phenom- 
enon, it  is  a  fact  that  it  occurs  chiefly  in 
soft  Bessemer  and  Siemens-Martin  steel. 

When  such  metal  is  cast  into  a  mold  a 
solid  crust  is  formed  where  the  metal 
touches  the  sides  of  the  mold,  whilst  in 
the  interior  gas  is  beiug  evolved,  keeping 
the  fluid  metal  in  a  state  of  agitation.  It 
is  probable  that,  owing  to  this  agitation, 
the  temperature  is  pretty  uniform 
through  the  whole  mass,  and  that  there- 
fore the  "  pipe  "  in  this  case  will  not  be 
concentrated  exclusively  in  the  top,  Fig. 
25.     The  evolution  of  gases  gives  rise  to 
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a  number  of  blow-holes  and  cavities,  thus 
rendering  the  ingot  unsound.  It  is  evi- 
dent that  the  sinkhead  is  of  little  use  in 
a  case  of  this  kind.  The  sand,  which  is 
used  to  form  the  top  of  the  sinkhead, 
may  be  drawn  into  the  bubbling  mass, 
where  it  melts  and  mixes  with  the  steels, 
giving  rise  to  violent  reactions  and  ex- 
plosions. If,  therefore,  it  be  desired  to 
use  a  sinkhead  for  a  rising  metal,  the 
sinkhead-mold  should  be  made  out  of 
cast-iron,  surrounded  by  sand  to  prevent 
the  abstraction  of  heat,  Fig.  26.  Thus 
arranged,  the  sinkhead  may  be  of  some 
use,  even  for  rising  metal. 

We  may  now  condense  what  has  been 
said  concerning  the  "  pipe,"  as  follows : 
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1.  The  extent  and  importance  of  the 
"  pipe  "  is  greater  the  higher  the  temper- 
ature at  casting. 


Fig.26 

2.  The  "  pipe "  is  larger  in  "  quiet " 
steels  than  in  "rising"  steels;  in  the 
latter  the  "  pipe  "  is  more  evenly  distrib- 
uted through  the  whole  mass,  and  gives, 
therefore,  less  trouble  in  cases  where  it 
is  desired  to  use  the  whole  of  the  ingot. 

3.  The  "  pipe  "  may  be  concentrated  in 
the  upper  part  of  the  ingot  by  promoting 
the  cooling  of  the  lower  parts  of  the  in- 
got and  keeping  the  upper  part  at  a  high 
temperature. 

At  the  exhibition,  1878,  Sir  Joseph 
Whitworth  exhibited  ingots  that  had  been 
compressed  after  tapping.  These  ingots 
did  not  show  any  traces  of  "  pipe,"  al- 
though a  "  pipe  "  ought  certainly  to  have 
been  there.  Compression  being  nothing 
but  a  kind  of  forging,  it  is  probable  that 
the  lips  of  the  "pipe"  had  been  very 
closely  compressed,  so  as  to  leave  no 
lines  visible  to  the  naked  eye ;  after  pol- 
ishing and  etching  with  acid  it  is  proba- 
ble that  the  steel  would  have  shown 
marks  of  the  "pipe." 

It  is,  in  fact,  impossible  to  entirely  re- 
move the  pipe ;  one  can  only  lessen  and 
counteract  it  by  the  means  above  shown. 

SURFACE  CRACKS  ON  INGOTS. 

When  looking  closely  at  an  ingot  of 


sufficiently  large  dimensions,  we  often 
discover  some  cracks,  some  running  trans- 
versely or  horizontally  across,  and  some 
lengthwise  along  the  ingot.  These  cracks 
are  often  quite  small ;  they  may,  never- 
theless, cause  serious  difficulty  in  ham- 
mering and  rolling  the  steel. 

The  horizontal  cracks  are  generally 
due  to  resistance  to  contraction  during 
cooling,  such,  for  instance,  if  the  ingot 
stick  to  the  side  of  the  mold  in  one  or 
more  places. 

Slightly  conical  ingots  are  less  apt  to 
crack  horizontally  than  those  that  are  of 
equal  thickness  throughout. 
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The  explanation  of  this  is  easily 
found.  Fig.  27  shows  a  cylindrical 
mold ;  Fig.  28  a  conical  mold.  The 
sections  AB  and  AnBn  contract  to  ab 
and  a'b'  on  cooling.  Thus,  if  AB=AlxBn 
we  have  AB  —  ab  =AuBn  —  a'b'.  But 
whilst  AB^A^j,  we  have  A^B^^A^ 
B1X  and  AniBin— a'b'ykfi,— ab.  Con- 
sequently, in  the  conical  mold  the  ingot 
is  further  from  the  mold  after  cooling 
than  in  the  cylindrical  mold,  and  thus 
less  apt  to  stick. 


Fig„.28 

A  suitable  conicity  for  a  mold  is  25  mm. 
in  one  meter. 

The  principal  causes  of  horizontal  cracks 
are — 1st,  defective  molds  ;  2d,  too  hot 
metal ;  3d,  suspension  of  the  ingot-top, 
caused  by  the  metal  either  flowing  over 


OJST   THE   STKUOTURE   OF   STEEL   INGOTS. 


361 


the  edge  of  the  mold  or  squeezing  itself 
between  the  stopper  and  the  mold  ;  and, 
4th,  a  defective  bottom  plate. 

The  molds  must  be  carefully  watched 
and  rejected  as  soon  as  they  are 
found  defective.  Care  must  be  taken 
not  to  let  the  metal  strike  the  sides  of 
the  mold  when  casting,  as  otherwise  cold 
skins  may  be  formed  and  the  mold  eaten 
out. 

Casting  from  the  bottom,  as  a  rule, 
gives  ingots  of  a  better  appearance,  and 
more  free  from  horizontal  cracks  than 
•casting  from  the  top,  the  metal  in  the 
former  case  rising  quietly  without  being 
thrown  up  against  the  sides  of  the  mold. 
The  coldest  metal  is  at  the  top,  causing 
the  shrinking  to  begin  there ;  in  this  way 
at  least  one  cause  for  the  cracks  is  re- 
moved, viz.,  the  influence  exerted  by  the 
force  of  gravity,  when  the  ingot,  after 
having  shrunk  together  at  the  bottom, 
remains  suspended  by  the  top  part,  which 
still  sticks  to  the  mold. 

Longitudinal  cracks  may,  like  horizon- 
tal cracks,  be  due  to  resistance  to  shrink- 
ing, but,  as  a  rule,  they  are  due  to  quite  a 
different  cause,  viz.,  the  pressure  exerted 
on  the  lower  parts  of  the  ingot.  A  cylin- 
drical ingot  is  particularly  liable  to  crack 
from  this  cause,  Fig.  29 ;  such  ingots  are 
therefore  difficult  to  make.  A  square  in- 
got is  better,  but  as  the  square  ingots 
generally  have  rounded  corners,  they  are 
~apt  to  crack  longitudinally  at  those. 


Fig. 29 


Casting  from  the  bottom  promotes 
longitudinal  cracking,  the  hottest  metal 
being  at  the  bottom ;  thus  the  bottom 
crust,  which  has  to  resist  the  pressure  of 
the  superimposed  metal,  is  weaker  Urn 
if  the  metal  had  been  cast  from  the  top. 
Too  rapid  casting  also  promotes  longi- 
tudinal cracks. 


To  avoid  longitudinal  cracks  it  is  there- 
fore necessary — 

1st.  To  give  the  ingot  throughout  its 
whole  length  such  a  section  as  will  per- 
mit of  change  of  form. 

2d.  To  cast  as  slowly  as  possible. 

3d.  To  use  the  bottom  cast  as  little  as 
possible. 

II.  Defects  due  to  Chemical  Causes. 

When  examining  the  fracture  of  a  steel 
ingot  we  generally  find  a  large  number 
of  small  cavities,  more  or  less  irregular 
in  shape,  some  spherical,  some  oval,  and 
some  formed  through  the  combination  of 
several  surfaces.  Some  of  these  cavities 
have  a  pure  metallic,  silver- white  surface, 
others  are  colored  through  oxidation, 
which  shows  that  they  must,  at  a  certain 
moment,  have  been  in  contact  with  the 
air ;  others  may  be  covered  with  a  brown 
coating,*  the  cause  of  which  we  have  not 
been  able  to  find  out. 

These  cavities,  or  blowholes,  are  gen- 
erally symmetrically  grouped  in  regular 
geometrical  figures ;  sometimes,  how- 
ever, they  are  quite  irregularly  distrib- 
uted. 

When  steel  is  poured  into  a  mold,  we 
see  a  large  quantity  of  gas  being  evolved, 
and  more  so  the  softer  the  metal.  Some 
claim  that  this  gas  consists  of  carbonic 
oxide  ;  others  say  it  is  hydrogen.f 

Of  late  years  this  matter  has  caused  a 
good  deal  of  discussion ;  we,  for  our 
part,  believe  that  the  gas  evolved  during 
the  cooling  of  the  steel  is  simply  carbonic 
oxide,  the  ingredients  of  which  gas  exist 
in  large  quantities  in  the  molten  steel. 
For  many  reasons  it  is  difficult  to  believe 
that  this  gas  would  be  hydrogen.  Bes- 
semer metal  is  generally  more  free  from 
blowholes  than  is  Siemens-Martin  metal, 
although  the  former  ought  to  have  more 
hydrogen,  owing  to  the  mode  of  manu- 
facture.    And  how  explain  the  influence 


*  When  HC1.  is  poured  into  a  blowhole  thus  coated, 
the  brown  coat  is  instantly  removed  with  evolution 
of  HaS. 

t  After  the  publication  of  Dr.  Muller's  works  con- 
cerning the  gases  in  ingots,  we  repeated  the  principal 
tests  which  he  made  in  order  to  show  that  steel  me- 
chanically occludes  hydrogen. 

As  well  known,  Muller's  experiment  consists  in 
boring  ingots  under  water  and  collecting  the  gas  thus 
set  free. 

We  found  that  gas  always  was  obtained  when  water 
was  used,  whilst  not  a  trace  could  be  found  when 
mercury  or  oil  was  employed. 

The  reason  for  this  is  not  difficult  to  conjecture. 
The  drill  is  magnetized  by  the  rapid  revolutions,  and 
causes  an  electric  current,  which  decomposes  the 
water.  The  gas  thus  obtained  detonates  without  any 
extra  addition  of  air  and  gives  water. 
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of  silicon  upon  the  suppression  of  the 
blowholes  if  the  latter  be  due  to  hydro- 
gen? It  is,  nevertheless,  an  established 
fact  that  the  presence  of  silicon  in  steel 
causes  the  almost  entire  disappearance  of 
the  blowholes. 

It  is  easy  to  explain  the  relation  be- 
tween silicon  and  dissolved  oxides,  but  it 
is  difficult  to  see  how  silicon  can  lessen 
the  influence  of  dissolved  hydrogen. 

We  believe  that  the  hydrogen  theory 
has  no  more  foundation  than  the  old  the- 
ory which  claimed  that  nitrogen  was  the 
element  that  determined  the  qualities  of 
the  steel. 

THE    DEVELOPMENT   AND    POSITION   OF    THE 
BLOWHOLES  IN  INGOTS. 

Two  circumstances  exert  the  greatest 
influence  on  the  formation  of  blowholes 
in  ingots,  viz.,  the  chemical  composition 
of  the  metal,  and  the  temperature  at 
which  the  casting  takes  place. 

Let  us  suppose  that  the  metal  be  en- 
tirely free  from  silicon,  and  that  the  cast- 
ing temperature  be  what  we  may  call 
normal.  A  little  carbon  and  oxide  of 
iron  always  occurs  in  the  metal,  whether  it 
be  made  in  a  Bessemer  or  a  Siemens-Mar- 
tin furnace.  The  respective  quantities  of 
these  bodies  change  necessarily  with  the 
softness  of  the  metal ;  the  harder  the 
metal  is,  the  more  carbon  and  the  less 
oxide  of  iron  is  present  in  it.  We  may 
even  say  that  in  hard  steel  there  is  no 
oxide  of  iron  at  all,  owing  to  the  large 
quantity  of  carbon,  which  reduces  the 
oxide  as  soon  as  it  forms. 

If  we  investigate  how  such  a  steel  be- 
haves in  the  molds  immediately  after 
casting,  we  find  that  the  surface  is  moved 
by  a  slight  bubbling,  which  lasts  only  a 
little  while,  the  ingot  soon  covering  it- 
self with  a  crust  or  skin,  which  closes  it- 
self entirely.  During  this  bubbling 
blue  flames,  resembling  the  carbonic  ox- 
ide flame,  are  emitted ;  these  flames 
cease  when  the  crust  has  formed.  The 
fracture  of  an  ingot  of  this  kind  shows 
the  blowholes  arranged,  as  indicated  by 
Fig.  30,  on  a  parallel  line  with  the  sides 
of  the  mold.  It  is  easy  to  see  how  these 
blowholes  are  formed.  When  the  steel 
is  poured  into  the  mold  the  metal  next 
to  the  sides  of  the  mold  is  cooled,  and 
a  layer  of  nearly  rigid  metal  is  formed. 
No  blowholes  can  be  formed  in  this  layer, 
as  the  metal  inside  is  kept  in  agitation  by 


escaping  gas,  thus  filling  up  any  cavities 
that  may  form.  But  when  bubbling 
ceases,  i.  e.,  when  the  top  crust  has  been 
formed,  the  reaction  between  the  carbon 
and  the  dissolved  oxides  continues  dur- 
ing the  cooling  period,  and  carbonic  ox- 
ide is  generated  through  the  whole 
molten  mass.  The  blowholes,  which 
form  in  the  parts  which  are  yet  in  a 
molten  state,  ascend  to  the  surface,  and 
the  gas  contained  in  them  either  breaks 
through  the  crust  or  passes  into  the 
"pipe."  On  the  other  hand,  the  gas 
that  forms  in  the  not-longer  fluid  part  of 
the  steel  cannot  ascend,  and  remains  in 
regular  lines  as  shown,  Fig.  30. 
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Fig.30 

But  why  is  it,  then,  we  may  ask,  that, 
with  the  exception  of  this  belt  of  blow- 
holes, the  inner  part  of  the  ingot  is  quite^ 
sound  and  solid  ?  This  can  be  explained 
in  two  ways : 

1st.  The  metal  remains  fluid  long 
enough  to  enable  the  carbon  to  reduce 
all  the  oxides  of  iron  compounds,  and  to 
escape  as  carbonic  oxide. 

2d.  The  evolution  of  CO  causes  suf- 
ficient internal  pressure  to  suppress 
continued  evolution  of  gas,  which  there- 
fore remains  dissolved  in  the  metal.* 

The  explanation  No.  2  seems  to  us  the 
most  probable,  because  it  has  been 
shown  that  even  a  moderate  pressure 
can  considerably  diminish  the  evolution 
of  gas  in  a  certain  metal,  f 

When  the  amount  of  carbon  is  small, 
and  consequently  the  amount  of  dissolved 
oxygen  is  larger, {  the  period  of  bubbling 


*  There  ought  to  be  an  analogy  between  the  evolu- 
tion of  gas  in  fluid  steel  and.  that  in  a  soda-water 
bottle.  If  we  watch  the  bubbling  in  a  glass  of  soda- 
water,  we  find  that  90%  of  the  bubbles  rise  from  the 
circumference 

+  We  have  cast  several  ingots  under  5  to  6  atm. 
pressure;  these  ingots  had  always  less  blowholes 
than  ordinary  ingots. 

%  Possibly  the  actual  amount  of  dissolved  oxygen  is 
not  larger  in  this  case,  but  the  amount  of  carbon 
present  being  small,  the  reaction  between  the  two 
elements  takes  place  more  slowly  ;  the  period  of  bub- 
bling is  therefore  longer.  Sometimes,  however,  a 
larger  quantity  of  dissolved  oxygen  has  really  been 
found  in  the  soft  steels  than  in  the  hard  ones. 
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immediately  after  casting  lasts  longer. 
In  this  case  the  belt  of  blowholes  may  be 
found  farther  in  than  shown  in  Fig.  30, 
vide  Fig.  31.    In  every  low-carbon  steel, 


Fig. 31 


such  as  boiler-plate,  etc.,  the  bubbles  may 
be  found  still  farther  in,  Fig.  32. 
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Fig.  32 

The  explanation  is  always  the  same, 
viz.,  that  blowholes  cannot  continue  to 
exist  as  long  as  the  metal  is  in  motion. 

These  experiences  have  been  chiefly 
derived  from  the  steels  obtained  by  the 
basic  Bessemer  process,  in  which  there  is 
no  silicon  to  counteract  the  formation  of 
blowholes,  but  the  above  is  equally  appli- 
cable to  certain  Bessemer  steels  that 
have  been  obtained  by  complete  decar- 
burization  and  recarburization,  and  more 
especially  to  Siemens-Martin  steel,  which 
has  comparatively  little  silicon. 

At  the  beginning  of  this  chapter  we 
mentioned  that  the  chemical  composition 
of  the  steel  had  a  great  influence  on  the 
formation  of  blowholes.  The  presence 
of  silicon  prevents  their  formation  very 
effectually. 

Manganese  alone  cannot  prevent  blow- 
holes, as  shown  by  experience. 

Silicon  and  manganese  combined  re- 
move the  blowholes  almost  completely, 
an  easily  fusible  silicate  of  MnO  or  of 
FeO  +  MnO  being  formed,  which  slag 
easily  separates  from  the  molten   metal. 

By  the  addition  of  a  very  silicious  pig, 
that  metal  free  from  blowholes  is  obtain- 
ed, which  has  caused  such  frequent  dis- 
cussion during  the  last  years.    Bessemer 


already  mentioned  this  fact  at  the  intro- 
duction of  his  process. 

Everybody  has  seen  or  heard  of  the 
famous  solid  castings  from  Bochum  and 
Terrenoire,  etc.  All  these  objects  have 
been  obtained  by  making  use  of  the  pow- 
erful oxygen-absorbing  properties  of 
silicon,  when  mixed  with  a  bath  of  molten 
steel,  containing  oxidized  iron. 

Bessemer  and  Siemens-Martin  steel 
behave  somewhat  differently  according  to 
the  amounts  of  silicon  and  manganese 
in  the  pig  iron  used.  But  notice  must 
also  be  taken  of  the  temperature  of  cast- 
ing the  metal. 

Let  us  suppose  that  the  temperature 
of  the  steel,  without  being  too  high,  is 
sufficiently  high  to  prevent  the  forma- 
tion of  any  scrap  in  the  ladle.  The  tem- 
perature may  then  be  called  normal,  and 
every  steel-maker  soon  learns  to  know 
the  same.  If  a  pig  iron,  with  a  moder- 
ate percentage  of  manganese  (2  to  3f0) 
be  treated  under  these  conditions,  and 
the  oxidation  not  driven  too  far  be- 
fore carburizing  with  spiegel  or  ferro- 
manganese,  a  product  is  obtained,  which 
may  be  cast  exactly  like  pig  iron,  and 
therefore  gives  ingots  free  from  blow- 
holes. 

The  metal  need  not  be  very  rich  in 
carbon.  As  soon  as  the  carbon  exceeds 
.3  every  casting  will  succeed,  if  the  tem- 
perature be  the  right  one.  With  less 
carbon  the  difficulties  become  greater, 
and  special  precautions  are  required  to 
prevent  oxidation. 

As  regards  silicon,  the  unfavorable  in- 
fluences of  the  same  during  rolling  and 
forging  is  well  known ;  it  may  be  lowered 
to  .1  to  .15.  Between  these  limits  its 
presence  is  rather  of  use  than  otherwise, 
particularly  if  the  steel  contain  sulphur. 

If  the  temperature  at  the  casting  of 
the  steel  into  molds  be  too  low,  as  well 
as  if  the  heat  developed  during  the  oper- 
ation be  insufficient,*  the  metal  contains 
a  certain  quantity  of  iron  oxides,  which 
react  on  the  carbon  during  cooling,  and 
form  CO. 

Unless  the  temperature  be  entirely  too 
low,  the  metal  in  contact  with  the 
mold  solidifies  through  a  thick  layer,  but 
remains  fluid  internally.     A  belt  of  large 


*  Iron  seems  to  oxidize  easier  at  lower  than  at 
higher  temperatures;  for  this  reason,  soc.  "cold" 
metal  contains  little  silicon  and  manganese,  owing  to 
the  presence  of  oxide  of  iron. 
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blowholes  is  formed  as  shown,  Fig.  33, 
nearly  extending  to  the  edge.  Such 
metal  generally  stands  quietly  in  the 
molds,  covering  itself  with  a  symmet- 
rical skin. 
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Fig. 33 

If  the  oxidation  for  obtaining  a  soft 
metal  has  been  driven  very  far,  the  ingot 
has  the  fracture  shown  in  Fig.  34.  The 
metal  behaves  like  soft  metal  free  from 
silicon. 
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If  the  metal  be  cast  at  a  very  low  tem- 
perature, it  becomes  "pasty"  throughout 
when  poured  into  the  mold.  The  result 
is  a  spongy  metal — Fig.  35.  If  the  metal 
at  the  same  time  be  very  soft,  it  rises  vio- 
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lently  in  the  molds  and  recedes  alter- 
nately; finally  it  sinks  back,  giving  in- 
gots of  which  only  the  lower  parts  can 
be  used,  Fig.  36.  Sometimes  the  upper 
part  of  such  an  ingot  is  closed,  so  that 
the  whole,  externally,  resembles  a  solid 
ingot. 

It  should  be  remembered  that  the  nor- 
mal tapping  temperature  is  higher  for 
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Fig.  36 

soft  metal  than  for  hard  metal,  the  melt- 
ing point  being  higher  in  the  soft  metal. 

In  the  Bessemer  process  it  some- 
times happens  that  the  temperature 
rises  too  much.  Metal  thus  obtained 
must  be  altogether  rejected,  because, 
besides  many  physical  faults,  such 
metal  generally  is  extra  rich  in  silicon, 
probably  owing  to  a  continued  reduction 
of  silicon  from  the  walls  of  the  converter 
by  carbon  or  iron.  It  would  seem  as  if 
such  silicious  metal  ought  to  be  free  from 
blowholes  ;  and  yet,  if  it  be  cast  at  once, 
when  ready,  it  gives  ingots  at  least  as 
honeycombed  as  ingots  made  of  cold  hard 
steel.  But  the  nature  of  the  blowholes 
is  entirely  different.  The  fracture  of  such 
ingots  shows  the  edges  perforated  by  in- 
numerable small,  narrow,  very  elongated, 
and  closely-packed  blowholes,   Fig.   37. 


Fig.37- 

Such  ingots  very  seldom  behave  well 
during  rolling  and  forging,  the  product 
almost  always  becoming  cracky  and  full 
of  unsoundness,  due  to  compressed  blow- 
holes. 

Now  it  would  seem  from  this  as  if  the 
theory  of  silicon  as  a  remedy  for  blow- 
holes would  not  hold  good  in  this  case  ; 
such  is,  however,  not  the  case.  That 
special  kind  of  blowholes  indicated  by 
Fig.  37,  has  nothing  to  do  with  the  chem- 
ical composition  of  the  metal.  If  we  pol- 
ish the  surface  of  an  ingot  that  has  been 
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cast  too  hot,  we  will  find  that  ends  of  the 
blowholes  in  qnestion  ran  right  out  to 
the  circumference.  Ingots  of  this  kind 
are  also  difficult  to  get  out  of  the  molds, 
which  shows  that  they  stick  to  the 
of  the  molds  during  a  large  part  of  the 
time  required  for  cool::  _ 

The  cause  of  the  special  kind  of  blow- 
holes, shown  Fig.  37.  is  an  external  one. 
so  to  speak.  The  molds  are  always  more 
or  less  oxidized ;  the  reaction  between 
the  oxides  of  the  molds  and  the  molten 

ises  evolution  of  CO.  whic] 
ing  unable  ::  pass  oj    betw eeu  the  mold 
and  the  ingot  and  the  fluid  metal,  force* 
its  way  into  the  latter,  forming  blowholes 
be  shown  Fig.  37. 

These  blowholes  have  given  so  much 
annoyance  that  we  have  been  induced  to 
make  some  experiments  in  order  to  throw 
some  more  light  on  their  origin.  We 
polished  a  cast-iron  mold  until  it  present 
ed  a  perfectly  metallic  surface.  "We  then 
cast  into  this  polished  mold  superhr  sited 
:iner  metal,  at  the  same  time  casting 
such  metal  into  an  ordinary  mold,  for 
comparison.  The  ingot  obtained  in  the 
polished  mold  was  perfe  :~-  sc  :md,  whilst 
the  ingot  obtained  in  the  ordinary  mold 
had  the  appearance  of  overheated  metal. 
just  described. 

Siemens- Alartin  steel  is  less  liable  :: 
become  OTerhes  ted  than  Bessemer  metal. 

When  the  temperature  at  the  beginning 
of  a  tap  is  very  high,  the  first  ingots  may 
be  defective,  as  per  Pig.  37.  whilst  the 
ingots  may  be  sound,  owing  to  grad- 
ual cooling  of  the  metal. 

III.  Precautions     to     ee    Oeseeved    to 
Avoid    Detects    Rescetixg    ebom 

THE    HeaTEVO    OE    THE    StEEE. 

When  a  cold  ingot  is  placed  in  a  very 
hot  furnace  one  may  often  hear  sharp 
reports,  indicating  internal  ruptures  in 
the  steel. 

This  is  due  to  too  rapid  heating. 
Hard  steels  and  steels  rich  in  silicon  are 
particularly  sensitive  to  such  heating. 

When  an  ingot  is  placed  in  a  too  hot 
furnace,  the  exterior  expands  before  the 
interior  is  sufficiently  warm  to  follow.  If 
the  steel  has  only  small  power  of  elonga- 
tion, the  stretching  forces  may  therefore 
rupture  the  interior.  If  such  an  ingot 
be  fractured,  a  circular  rupture  will  gen- 
erally be  found,  Fig.  38.     When  such  an 


ingot  is  rolled  out  this  rupture  will  be 
transformed  into  a  longitudinal  hole.  Fig. 
39.  which  is  not   alway  -  :   from  the 

outside,  thus  involving  considerable  dan- 
ger. 


At  the  time  when  the  manufacture  of 
large  objects  of  forged  steel  was  in  its 
infancy,  one  used  k  ridicule  the  great 
secrecy  with  which  Krupp  si:: 
his  methods  of  heating  large  ingots;  but 
we  are  now  compelled  to  admit  that 
Krnpp's  precautions  were  the  result 
long  experience. 


If  we  wish  to  protect  ourselves  against 
this  kind  of  defect  in  steel,  we  must  thus 
observe  the  following  precaut:-:: 

1.  Never  to  let  an  ingot  cool  com]:  I 

ly  before  putting  it  into  the  hot  furnace. 

2.  It  it  be  necessary  to  use  cold  ir^  jts, 
to  heat  them  very  gradually.  Such  large 
ingots  as  are  intended  for  guns,  shafts, 
etc..  are  best  placed  in  a  cold  furnace, 
which  is  then  slowly  heated  up.  Small 
ingots  are  best  heated  in  a  long  furnace, 
in  which  the  ingots  can  be  gradually 
pushed  up  towards  the  hottest  [ 


Apapee  was  recently  read  before  the  I 
Academy  of  Sciences  on  the  electric  con- 
'  ductibility  of  solid  mercury  and  of  pure  metals 
':  at  low  temperatures,   "by*  AIM.   Cailletet   and 
;  Bouty.   From  numerous  experiments  made  with 
mercury,    silver,  tin.  aluniinium,  magnesium, 
copper,  iron,  and  platina,  the  authors  conclude 
that  the  electric  resistance  of  most  pure  metals 
decreases  regularly  when  the  temperature  is 
lowered  fronT  0  deg.  to  —123  (leg.,  and  that  the 
i  coefficient  of  variation  is  apparently  much  the 
,  same  for  all.     It  seems  probable  that  the  re- 
!  sistance  would  become  extremely  slight  at  tem- 
peratures lower  than  -200  deg..  although  this 
i  point  has  not  yet  been  practically  tested." 
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PRINCIPLES  OF  FORECASTING  BY  MEANS  OF  WEATHER 

CHARTS. 

By  the  Hon.  RiLPH  ABERCROMBY,  F.R.  Met.  Soc. 
From   the   "  Nautical    Magazine." 


The  Meteorological  Council  has  issued 
a  work  on  "  Weather  Forecasting,"  by  the 
Hon.  Ralph  Abercromby.  It  gives  an  in- 
sight into  the  secret  working  of  the  fore- 
caster, and  contains  a  fund  of  information 
for  those  who  aim  to  be  weather  wise.  The 
modern  method  of  forecasting,  by  com- 
bining on  a  chart  the  weather  observa- 
tions made  at  the  same  instant  of  time  at 
a  large  number  of  places,  has  only  been 
introduced  within  the  last  twenty-five 
years.  Prior  to  this  the  forecaster  was 
limited  to  isolated  observations  of  the 
barometer,  and  to  such  popular  weather 
signs  as  the  appearance  of  the  sky  or  the 
movements  of  animals. 

The  forecast  now  issued  by  the  Meteor- 
ological Office  are  based  upon  the  tele- 
graphic reports  from  upwards  of  fifty 
stations,  which  represent  not  only  the  en- 
tire area  of  the  British  Islands,  but  ex- 
tend along  the  entire  western  coast  of  the 
continent  of  Europe,  from  Christiansund, 
in  latitude  63°  N.,  to  Corunna  in  latitude 
43°  N.,  and  include  four  stations  on 
the  coast  of  the  Baltic,  and  one  in  the 
Mediterranean.  The  height  of  the  ba- 
rometer and  thermometer,  with  the  direc- 
tion and  force  of  the  wind,  together  with 
the  actual  state  of  the  weather  conveyed 
in  these  telegrams,  are  charted  immedi- 
ately on  their  receipt,  and  from  an  exam- 
ination of  a  series  of  these  charts  the 
necessary  deductions  and  conclusions  are 
drawn. 

The  work  gives  instructions  in  the  nu- 
merous intricacies  involved  in  the  art  of 
manufacturing  weather  forecasts.  It  is 
not,  however,  possible  with  our  limited 
space  to  touch  on  all  the  various  problems 
placed  before  us,  but  it  will  be  useful  to 
indicate  the  outline  of  the  information 
conveyed,  keeping  as  far  as  possible  to 
the  author's  words. 

CYCLONES. 

The  technical  terms  referring  to  cy- 
clones are  first  explained : — 

The  center  of  a  cyclone  is  the  geomet- 
rical center  of  the  innermost  isobar,  or 
line  of  lowest  barometer. 


The  diameter  of  a  cyclone  is  a  line 
drawn  through  the  center  as  far  outwards 
as  the  curvature  of  the  isobars  is  distinct- 
ly related  to  the  center,  and  is  often  very 
ill-defined,  since  the  influence  of  the  cy- 
clone extends  much  further  in  some  di- 
rections than  in  others.  A  cyclone  may 
be  of  any  diameter,  from  100  to  3,000 
miles.  The  commonest  are  between  1,000 
and  2,000  miles ;  and  anything  less  than 
1,200  miles  across  may  be  called  a  small 
one.  The  diameter  is  the  measure  of  the 
size  of  a  cyclone. 

The  axis  of  the  cyclone  is  an  imaginary 
line  round  which  the  whole  air  in  a  cy- 
clone may  be  supposed  to  circulate.  There 
is  reason  to  believe  that  it  is  not  usually 
vertical  to  the  earth's  surface,  and  that 
both  the  inclination  and  direction  of  the 
axis  is  variable. 

The  intensity  of  a  cyclone  is  measured 
by  the  maximum  steepness  of  the  baro- 
metrical gradient  in  any  portion  of  it.  If 
this  exceed  0.02  inch  perl5  nautical  miles, 
then  the  cyclone  may  be  said  to  be  of  con- 
siderable intensity. 

By  the  expression  the  level  of  a  "  cy- 
clone" is  meant  the  barometrical  reading  at 
the  lowest  point.  If  the  lowest  point  in  the 
cyclone  is  above  29.9  inches,  we  may  call 
it  a  high-level  cyclone ;  if  below  that,  a 
low-level  one. 

The  path  of  a  cyclone  is  the  path  de- 
scribed by  the  center.  In  this  country  90 
per  cent,  move  towards  some  point  of 
east,  the  most  frequent  direction  being 
about  east  north-east. 

The  velocity  of  a  cyclone  is  the  velocity 
of  the  center.  It  may  be  anything  from 
80  miles  an  hour  eastward  to  10  miles  an 
hour  westward.  About  twenty  miles  is  a 
common  velocity,  but  sometimes  a  cyclone 
is  stationary. 

The  trough  is  a  line  drawn  through  the 
center  of  the  cyclone,  generally  at  right 
angles  to  its  path,  which  marks  out  the 
position  of  all  the  places  where  the  bar- 
ometer has  attained  its  lowest  point. 
Everywhere  the  mercury  is  falling  in 
front  and  rising  in  rear  of  the  line,  in 
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consequence  of  the  forward  motion  of  the 
cyclone.  This  line  defines  the  front  and 
rear  of  a  cyclone. 

The  right  and  left  sides  of  a  cyclone 
are  the  right  and  left  sides  to  an  ob- 
server looking  in  the  direction  in  which 
the  cyclone  advances  ;  they  are  thus  rela- 
tive to  the  direction  of  the  cyclone  path. 

The  life  of  a  cyclone  is  measured  by 
the  number  of  days  during  which  it  can 
be  traced  on  synoptic  charts.  The  length 
of  the  life  may  be  anything  from  a  few 
hours  to  about  twenty  days.  Any  cyclone 
whose  life  is  less  than  24  hours  may  be 
called  short-lived. 

With  respect  to  the  details  of  wind, 
weather,  temperature,  &c,  in  different 
portions  of  a  cyclone : — 

The  temperature  is  always  higher  in 
front  than  in  rear  ;  the  warm  air  in  front 
having  a  peculiarly  close  muggy  character, 
quite  independent  of  the  actual  height  of 
the  thermometer.  The  cold  air  in  the 
rear,  on  the  contrary,  has  a  peculiarly  ex- 
hilarating feeling,  also  quite  independent 
of  the  thermometer. 

The  front  is  always  very  damp,  espe- 
cially the  right  front,  while  the  rear  is  dry 
to  a  marked  degree. 

The  wind  blows  round  the  center  in  a 
direction  contrary  to  the  motion  of  the 
hands  of  a  watch,  which  is  lying  horizon- 
tally with  its  face  upwards ;  but  as  the  di- 
rection is  slightly  inclined  to  the  isobars, 
on  the  whole  the  circulation  is  an  in-go- 
ing spiral.  The  amount  of  incurvature  is 
usually  greatest  in  the  right  front  and 
least  in  the  rear  of  the  cyclone,  so  that 
sometimes  the  passage  of  the  trough  is 
marked  by  a  sudden  shift  of  wind. 

The  grouping  of  the  weather  into  types 
is  somewhat  new,  and  has  been  under- 
taken by  Mr.  Abercromby  expressly  for 
this  publication. 

WEATHEE  TYPES. 

The  general  idea  of  weather  types  will 
be  readily  understood  by  considering  the 
fact  familiar  to  all  observers,  that  the 
weather  in  this  country  frequently  occurs 
in  spells  of  several  weeks'  duration,  dur- 
ing which  there  is  a  remarkable  persist- 
ence of  the  general  type  of  weather  over- 
riding both  a  considerable  fluctuation 
from  day  to  day,  and  a  considerable  local 
variation  from  place  to  place. 

For  instance,  the  wind  will  often  back 
to  some  point  of  south,  with  a  high  tem- 


perature, a  dull  sky  and  rain,  and  then 
veer  to  some  point  of  west,  with  a  cooler 
air  and  brighter  sky  ;  and  after  a  day  or 
so  of  fine  weather  it  will  back  again  to 
the  south  with  bad  weather,  perhaps  this 
time  rising  to  the  intensity  of  a  gale,  and 
subsequently  veer  towards  the  west  with 
finer  weather,  and  so  on  for  weeks  to- 
gether. 

The  changes  only  vary  in  intensity  and 
detail,  not  in  general  character,  while  the 
feel  of  the  weather  and  the  look  of  the 
sky  remain  through  all  of  them  character- 
istic of  westerly  winds. 

Similarly,  the  wind  will  often  come  per- 
sistently frome  some  point  of  east,  fluctu- 
ating between  south-east  for  fouler  weath- 
er, and  north-east  for  finer  weather,  and 
back  again  with  many  variations  for  sev- 
eral weeks,  during  which  the  predomin- 
ant features  of  the  weather  are  always 
characteristic  of  east  winds.  The  fre- 
quent recurrence  of  particular  types  of 
weather  at  particular  seasons  of  the  year 
is  also  a  matter  of  common  observation ; 
the  north-east  winds  of  March,  the  cold 
north  winds  in  the  middle  of  June,  and 
the  wet  west  winds  of  September  are 
well-known  instances. 

If  we  examine  a  large  number  of  syn- 
optic charts,  we  soon  see  that  relatively 
to  Europe,  the  general  position  of  the 
great  areas  of  high  pressure  frequently 
remained  constant  for  a  lengthened  peri- 
od. Further  examination  shows  that  the 
constancy  of  these  positions  coincides 
with  persistency  of  types  of  weather  simi- 
lar to  those  above  mentioned,  the  fluctu- 
ation of  weather  in  each  type  being  due 
to  the  passage  of  cyclones,  while  the  lo- 
cal variation  depends  on  the  exact  posi- 
tion of  the  cyclone  center,  and  on  the  in- 
numerable local  conditions  which  modify 
any  general  type. 

The  types  may  be  considered  as  apply- 
ing generally  to  Europe,  while  the  details 
of  weather  refer  only  to  Great  Britain. 

The  distribution  of  atmospheric  press- 
ure for  the  Northern  Hemisphere  pre- 
sents certain  constant  features ;  namely : 

1.  An  equatorial  belt  of  nearly  uniform 
low  pressure. 

2.  A  Tropical  belt  of  high  pressure  ris- 
;  ing  at  intervals  into  great  irregular  eleva- 
tions or  anticyclones. 

3.  A  temperate  and  Arctic  region  of 
I  generally  lower  pressure,  but  in  which  oc- 
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casionally  areas  of  high  pressure  appear 
for  a  considerable  period. 

The  equatorial  belt  constantly  covers 
the  Sahara  and  the  Amazon  Valley,  and 
always  narrows  over  the  Atlantic  at  about 
30°  west  longitude,  where  it  often  does 
not  reach  higher  than  10°  north  latitude. 
The  shape  and  depth  of  this  area  are  tol- 
erably constant. 

The  Tropical  belt  comprises  a  region 
of  high  pressure,  rising  at  variable  inter- 
vals into  great  anticyclones  ;  these  anti- 
cyclones are  usually  longest  in  an  east 
and  west  direction,  and  often  rise  into 
two  or  more  heads.  Their  position  is 
generally  variable  with  the  exception  of 
one,  which  is  always  found  over  the  cen- 
tral Atlantic.  This  anticyclone  forms  a 
very  important  factor  of  the  weather  of 
"Western  Europe,  and  will  be  constantly 
referred  to  as  "the  Atlantic  Anticyclone." 

The  extension  south  and  west  of  this 
anticyclone  is  tolerably  constant,  while 
north  and  east  it  is  variable,  sometimes 
rising  as  far  as  60°  north  and  stretching 
over  Great  Britain  and  Continental  Eu- 
rope. 

Cyclones  are  rarely,  if  ever,  formed  to 
the  south  of  this  anticyclone  ;  sometimes 
they  have  their  origin  on  its  south-west 
side,  when  they  work  round  the  anticy- 
clone first  towards  the  north-west,  and 
then  towards  north-east.  These  are  the 
West  India  Hurricanes. 

The  north  side  of  the  anticyclone  is 
the  birthplace  of  innumerable  cyclones  of 
every  size  and  intensity,  which  invariably 
move  towards  some  point  of  east,  and 
then  play  a  most  important  part  in  the 
meteorology  of  Great  Britain. 

Cyclones  are  also  occasionally  formed 
on  the  south-east  side  near  Madeira; 
these  either  work  very  slowly  round  the 
high  pressure  to  the  south-west,  or  else 
leave  the  anticyclone  and  go  east. 

The  Temperate  and  Arctic  region  ex- 
tends from  the  tropical  high  pressure  to 
the  pole.  Though  ordinarily  low,  the 
pressure  in  this  region  is  perpetually 
fluctuating  by  reason  of  the  incessant 
passage  of  cyclones;  yet  occasionally 
persistent  areas  of  high  pressure  appear 
in  certain  portions  of  it. 

With  reference  to  Western  Europe, 
there  are  at  least  four  well-marked  types 
of  weather: 

1.  The  Southerly,  in  which  an  anticy- 
clone lies  to  the  east  or  south-east  of 


Great  Britain,  while  cyclones  coming  in 
from  the  Atlantic  either  beat  up  against 
it  or  pass  towards  north-east. 

2.  The  Westerly,  in  which  the  tropical 
belt  of  anticyclones  is  found  to  the  south 
of  Great  Britain,  and  the  cyclones  which 
are  formed  in  the  central  Atlantic,  pass, 
towards  east  or  north-east. 

3.  The  Northerly,  in  which  the  Atlan- 
tic anticyclone  stretches  far  to  the  west 
and  north-west  of  Great  Britain,  roughly 
covering  the  Atlantic  Ocean.  In  this  case 
cyclones  spring  up  on  the  north  or  east 
side,  and  either  work  round  the  anticy- 
clone to  the  south-east,  or  leave  it  and 
travel  rapidly  towards  the  east. 

4.  The  Easterly,  in  which  an  apparent- 
ly non-tropical  anticyclone  (or  one  dis- 
connected from  the  tropical  high -pressure 
belt)  appears  in  the  north-east  of  Europe, 
rarely  extending  beyond  the  coast  line, 
while  the  Atlantic  anticyclone  is  occasion- 
ally totally  absent  from  the  Bay  of  Biscay. 
The  cyclones  then  either  come  in  from 
the  Atlantic  and  pass  south-east  between 
the  Scandinavian  and  Atlantic  anticy- 
clones ;  or  else  their  progress  being  im- 
peded, they  are  arrested  or  deflected  by 
the  anticyclone  in  the  north-east  of 
Europe. 

Sometimes  they  are  formed  to  the 
south  of  the  north-east  anticyclone,  and 
advance  slowly  towards  the  east,  or  in 
very  rare  instances  towards  the  west. 

SOUTHERLY    TYPE. 

In  this  the  Atlantic  anticyclone  extends 
very  little  to  the  northward,  while  a  large 
area  of  high  pressure  covers  Europe  to 
the  east  and  south-east  of  the  United 
Kingdom. 

The  North  Atlantic  is  occupied  by  a 
persistent  area  of  low  pressure  in  which 
cyclones  are  constantly  being  formed ; 
these  beat  up  against  the  high  European 
pressure,  and  either  die  out  or  are  re- 
pelled. 

Sometimes,  especially  in  summer,  small 
cyclones,  arising  on  the  easterly  side  of 
the  area  of  depression,  pass  rapidly  near 
the  British  coasts  in  a  north  or  north- 
east direction.  In  either  case  it  is  some- 
what rare  for  the  center  of  a  cyclone  to 
reach  over  these  islands,  so  that  general- 
ly Great  Britain  is  under  the  influence  of 
the  rim  or  edge  of  either  a  cyclone  or 
anticyclone. 

At  other  times  the  Atlantic  low  press- 
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Tire  extends  over  Great  Britain,  driving 
the  high  pressure  eastwards,  without 
forming  any  definite  cyclone.  In  this 
case  the  indications  are  for  tolerably  fine 
weather  and  little  wind,  with  a  very  low 
barometer:  a  condition  which  often  ex- 
cites remark. 

In  winter  the  cyclones  are  usually 
large,  but  in  summer  the  general  depres- 
sion of  the  Atlantic  is  much  less  pro- 
nounced, while  the  cyclones  are  smaller, 
their  centers  progress  further  eastward, 
and  the  gradients  are  less  steep.  The 
weather  in  them  is  not  so  dirty,  though 
the  air  is  always  close,  and  the  sky  is 
harder  than  in  winter. 

This  type  of  weather  occurs  at  all 
seasons  of  the  year,  but  is  most  common 
and  persistent  in  winter ;  in  fact,  the 
warmth  or  otherwise  of  the  winter  prin- 
cipally depends  on  the  number  of  days 
of  this  type. 

The  temperature  of  this  type  is  always 
high,  partly  because  of  the  prevailing 
southerly  winds,  and  when  the  cyclones 
die  out,  the  slight  degree  of  cold  which 
follows  is  very  noticeable.  Sometimes  a 
portion  of  the  Kussian  anticyclone  reaches 
Great  Britain,  and  in  winter  gives  rise  to 
white  frost  of  short  duration. 

The  wind  in  this  type  is  remarkable 
for  its  steadiness  and  absence  of  gusti- 
ness,  except  when  the  intensity  is  ex- 
treme ;  and,  for  various  reasons,  the  gales 
of  wind  do  comparatively  little  destruc- 
tion either  on  sea  or  land,  considering 
their  force  and  duration. 

To  a  single  observer  the  sequence  of 
weather  in  this  type  is  very  simple.  As 
atmospheric  pressure  falls,  temperature 
rises,  and  the  sky  grows  dirtier,  till  driz- 
zling rain  sets  in.  The  wind  from  some 
point  of  south,  having  backed  slightly, 
rises  in  velocity  till  the  barometer  has 
reached  its  lowest  point;  as  soon  as 
pressure  begins  to  increase,  the  wind 
veers  a  little  towards  south-west  and 
gradually  falls,  the  air  becomes  cooler, 
and  the  sky  begins  to  clear ;  but  it  rarely 
becomes  hard,  or  contains  firm  cumu- 
lus. By  next  day,  perhaps,  the  same 
sequence  is  repeated,  varying  only  in  in- 
tensity, but  not  in  general  character,  and 
this  alternation  often  lasts  for  weeks  at  a 
time. 

WESTERLY    TYPE. 

In  this  type  the  tropical  belt  of  anti- 
cylones  is  constantly  to  the  south  of  Great 
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Britain,  and  the  pressure  to  the  east, 
west,  and  especially  the  north,  compara- 
tively low.  Under  these  circumstances, 
cyclones  are  developed  on  the  north  side 
of  the  Atlantic  anticyclone,  which  roll 
quickly  eastwards  along  the  high-press- 
ure belt,  usually  dying  out  after  they  have 
been  detached  from  the  Atlantic  anti- 
cyclone in  their  eastward  course.  Their 
intensity,  and  consequently  the  weather 
they  produce,  may  vary  almost  indefin- 
itely. 

When  the  cyclones  are  formed  very  far 
south,  so  that  their  centers  cross  Great 
Britain,  and  are  of  moderate  size,  the  in- 
tensity is  usually  great,  and  severe  well- 
defined  storms  with  sharp  shifts  of  wind 
are  experienced.  These  occur  most  fre- 
quently in  spring  and  autumn,  and  are 
the  most  destructive  storms  which  occur 
in  Great  Britain. 

Another  intense  form  is  found  in  a 
series  of  small,  short-lived,  quick-moving 
cyclones,  and  numerous  secondaries,  with- 
out very  steep  gradients,  during  which 
the  indications  are  for  rainy  broken 
weather,  rather  than  for  storms.  This 
phase  is  common  at  all  seasons  of  the  year. 

In  another  modification,  while  the  press- 
ure is  low  to  the  north,  and  the  isobars 
run  nearly  due  east  and  west,  the  whole 
of  the  Arctic  area  of  low  pressure  surges 
southward  with  an  exceedingly  ill-defined 
cyclone,  bringing  a  rim  of  steep  gradients 
along  the  edge  of  the  Atlantic  anticyclone, 
and  across  Great  Britain,  in  a  manner 
analogous  to  a  phase  of  southerly  type, 
before  explained.  The  indications  then 
are  for  rain,  and  westerly  gales  with  very 
little  shift  of  wind.  This  phase  belongs 
almost  exclusively  to  the  winter  months. 

But  the  commonest  modification  at 
every  season,  and  that  which  forms  about 
70  per  cent,  of  our  weather,  is  when  the 
intensity  is  moderate,  and  the  cyclone 
paths  are  so  far  to  the  north  of  the  Brit- 
ish Islands,  that  the  wind  merely  backs  a 
point  or  two  from  south-west  as  the  cy- 
clone approaches,  and  veers  a  point  or 
two  towards  the  west  as  the  cyclone 
passes,  the  general  direction  of  the  wind 
being  between  south-west  and  west,  with- 
out rising  to  the  strength  of  a  gale,  while 
rain  is  moderate  in  quantity. 

To  a  single  observer  the  principal  pe- 
culiarity of  this  type  lies  in  the  variable 
wind  and  weather.  In  the  southerly  type 
an   observer   only  gets,  as  it   were,  the 
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front  of  a  series  of  cyclones,  while  in  this 
type  he  gets  the  characteristic  weather 
of  both  front  and  rear.  In  the  former 
condition  the  worst  weather  is  always 
in  front;  while  in  this  the  worst  often 
occurs  in  rear,  after  the  pressure  has  be- 
gun to  increase. 

NORTHERLY  TYPE. 

In  this  type  the  pressure  is  high  to  the 
west  and  north-west  of  Great  Britain, 
while  it  is  low  over  Germany  and  Scandi- 
navia, thus  giving  gradients  for  northerly 
winds,  from  whence  the  type  is  named. 

Sometimes  this  high  pressure  seems  to 
be  simply  a  great  extension  northwards 
of  the  Atlantic  anticyclones,  on  the  east 
side  of  which  cyclones  form  and  pass  to- 
wards some  point  of  east,  thus  approxi- 
mating to  a  phase  of  westerly  type  into 
which  it  may  merge  insensibly.  This 
form  is  most  common  in  July  and  Au- 
gust. 

More  frequently  a  moderate  extension 
northwards  of  the  Atlantic  anticyclones 
is  met  by  a  persistent  anticyclone  lying 
over  Greenland.  On  one  side  any  cyclones 
coming  from  the  American  continent  are 
arrested  by  the  belt  of  high  pressure  thus 
formed.  On  the  other  side,  a  large  area 
of  low  pressure  lies  over  northern  and 
central  Europe,  which  is  the  theater  of 
the  formation  of  an  incessant  series  of 
cyclones. 

The  centers  of  these  cyclones  always 
lie  to  the  east  of  Great  Britain,  but 
modify  our  weather  by  their  approach  or 
recession.  Thus  the  northerly  type,  dur- 
ing which  Great  Britain  is  constantly 
under  the  influence  of  the  rear  of  cy- 
clones, may  be  considered  the  exact  con- 
verse of  the  southerly  type,  during  which 
it  is  as  constantly  under  the  influence  of 
the  front  of  cyclones.  This  form  of  the 
type  is  most  common  in  the  winter,  and 
especially  the  spring  months,  notably  in 
March ;  while  it  is  very  rare  during  the 
autumn. 

To  a  single  observer  the  most  marked 
feature  is  the  constancy  of  the  wind  in 
the  north,  generally  veering  towards 
north-east  with  increasing  cloud  as  the 
barometer  falls,  and  backing  towards 
north-west  with  brighter  weather  as  it 
rises ;  but  there  is  no  approach  to  such  a 
regular  shift  as  occurs  in  the  westerly 
type.  The  appearance  of  the  sky  is  usu- 
ally hard,  and  any  rainfall  takes  the  form 


of  showers  or  squalls,  rather  than  of  a 
drizzle  or  a  steady  downpour. 

EASTERLY  TYPE. 

In  the  commonest  form  of  this  type, 
the  Atlantic  anticyclone  is  very  small  and 
lies  far  south,  while  another  anticyclone 
lies  persistently  over  Scandinavia.  On 
the  south  side  of  the  Scandinavian  anti- 
cyclone, a  cyclone  is  usually  formed  over 
Central  and  Southern  Europe,  which 
either  remains  stationary,  or  else  moves 
very  slowly  towards  the  west.  On  the 
west  and  south-west  side  of  the  anti- 
cyclone, cyclones  formed  in  mid- Atlantic 
press  up  against  it,  and  either  die  out,  or 
are  rebuffed. 

In  a  less  common  form,  the  edge  of  the 
Atlantic  anticyclone  stretches  as  far  north 
as  Portugal,  and  cyclones  coming  in 
from  the  Atlantic  pass  across  Great 
Britain  in  a  south-east  direction,  through 
the  cold  which  flies  between  the  Atlantic 
and  Scandinavian  regions  of  high  press- 
ure. 

This  type  is  much  more  common  than 
the  northerly,  and  occurs  at  all  seasons 
of  the  year.  It  is  most  common  in 
October,  November,  February  and  May, 
but  very  rare  in  July,  August,  or  Septem- 
ber. 

Though  much  less  common  than  the 
westerly  or  southerly  types*,  it  is  so 
stormy  that  nearly  one-half  of  the  wrecks 
on  the  British  shores  are  due  to  gales  of 
this  type.  This  is,  however,  partly  due 
to  the  large  number  of  unseaworthy 
colliers  which  trade  along  our  east 
coasts. 

To  a  single  observer  the  general  se- 
quence of  weather  is,  that  as  the  barom- 
eter falls  the  sky  gets  blacker,  the  air 
warmer,  and  the  wind  veers  towards  the 
south-east ;  then  as  the  barometer  rises 
the  air  gets  colder  and  the  wind  backs 
towards  east  or  north-east,  while  the 
strength  of  the  wind  and  amount  of  rain 
depend  on  the  intensity. 

In  most  cases  the  shift  of  wind  is 
small,  but  we  may  note  that  the  wind 
veers  for  an  oncoming  cyclone,  instead  of 
backing,  as  in  the  westerly  type.  This 
is  because  the  cyclone  centers  are  al- 
ways towards  some  point  south  of  the 
observer. 

This  type  sometimes  persists  for  two 
or  three  weeks  on  end,  but  no  definite 
symptons  of  a  change  of  type   can   be 
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given.  It  often  succeeds  the  northern 
type,  and  sometimes  the  two  types  alter- 
nate with  one  another.  At  other  times 
the  Scandinavian  anticyclone  lies  so  far 
to  the  south  that  this  type  merges  in- 
sensibly into  the  southerly. 

CYCLONE  PATHS. 

As  the  motion  of  cyclone  centers  is  al- 
ways towards  some  point  of  east,  except 
in  certain  cases  of  the  easterly  type,  as  al- 
ready explained,  in  an  uncertain  case  we 
may  always  assume  some  eastward 
drift. 

Another  very  noticeable  point  about 
cyclones  is  the  tendency  of  their  centers 
to  follow  a  coast  line  rather  than  to  strike 
inland.  Also  when  they  do  cross  the 
land,  they  seem  to  take  by  preference  the 
lines  of  valleys,  or  at  all  events,  of  lowest 
ground,  which  seem  to  be  lines  of  least 
resistance  to  cyclone  motion.  In  this 
country  cyclone  centers  have  a  tendency 
to  pass  up  channel,  or  round  the  north- 
west coasts  of  Ireland  and  Scotland  ;  and 
when  they  cross  the  country  they  fre- 
quently select  the  line  of  the  Caledonian 
Canal,  or  the  line  of  the  Forth  and  Clyde 
Canals. 

GENERAL    REMARKS. 

Under  this  head  are  given  a  few  reflec- 
tions on  forecasting  generally. 

In  the  first  place,  it  is  remarked  that 
the  meteorological  changes  are  so  rapid 
that  they  can  only  be  traced  by  means  of 
electric  telegraph,  and  that  the  expense 
is  therefore  so  great  that  this  problem 
can  only  be  efficiently  handled  by  a  Cen- 
tral Government  Office. 

Then  as  to  the  amount  of  detail  which 
is  possible,  it  is  manifest  that  in  many 
cases  of  small  disturbances  the  minor 
features,  such  as  squalls,  thunderstorms, 
&c,  are  so  local,  that  even  if  it  were  pos- 
sible to  define  their  range  accurately, 
every  few  square  miles  of  the  United 
Kingdom  would  require  a  separate  fore- 
cast, so  that  it  is  only  the  general  charac- 
ter of  the  weather  which  can  ever  be 
forecast,  and  that,  roughly,  the  larger 
the  scale  of  disturbance,  the  more  likely 
are  the  forecasts  to  be  successful.  These 
minor  features  are  also  usually  short 
lived,  so  that  the  more  frequently  the  ob- 
servations are  taken,  the  more  unlikely 
is  a  storm  to  escape  detection.  In  sum- 
mer time  a  small  storm  may  sometimes 


form  or  die  out  between  the  8  a.m.  and  6 
p.m.  reports. 

Then,  as  to  the  length  of  time  ahead 
for  which  forecasts  can  be  issued.  It  is 
obvious  that  owing  to  the  rapid  nature 
of  all  meteorological  changes  forecasts 
can  never  be  issued  very  long  in  advance. 

It  will  also  be  very  apparent  that  the 
British  forecaster  labors  under  peculiar 
difficulties  from  his  geographical  posi- 
tion. Situated  on  the  most  outlying  por- 
tion of  Europe,  and  in  the  very  track  of 
storms  which  almost  always  advance  from 
the  westward,  he  has  no  intimation  of  an 
approaching  cyclone,  till  it  is  actually  on 
him.  In  the  United  States  and  in  Ger- 
many they  are  more  fortunate.  For  in- 
stance Hamburg  often  receives  timely 
warning  from  our  English  office.  In  the 
year  1869,  23  storms  were  felt  in  Ham- 
burg, and  of  these  22  had  previously 
passed  over  some  part  of  the  United 
Kingdom. 

Owing  to  the  nature  of  weather  changes, 
the  average  or  mean  value  of  any  mete- 
orological quantity  affords  no  clue  tow- 
ards estimating  the  probable  change  in 
any  existing  system.  In  fact  meteorology 
is  not  an  exact,  but  an  observational  sci- 
ence like  geology  or  medicine ;  and  just 
as  however  accurately  the  symptoms  or 
treatment  of  any  malady  may  be  described, 
the  skill  to  recognize  and  the  judgment 
to  treat  must  rest  on  the  ability  of  the 
physician,  so  in  meteorology,  however 
carefully  the  relation  of  weather  to  iso- 
bars may  be  defined,  and  the  nature  of 
their  changes  described,  the  judgment, 
which  experience  alone  can  give,  to  enable 
a  warning  to  be  issued,  must  ever  depend 
on  the  professional  skill  of  the  forecaster. 


The  mean  daily  motion  of  the  air  in 
1884,  as  given  in  the  report  of  the  As- 
tronomer Eoyal,  was  286  miles,  being 
three  miles  greater  than  the  average  of 
the  last  seventeen  years.  The  greatest 
daily  motion  was  891  miles  on  January 
23d,  and  the  least,  78  miles  on  February 
8th.  The  only  recorded  pressure  exceed- 
ing 20  lbs.  on  the  square  foot  in  1884 
was  22.7  lbs.  on  January  23d,  after  which 
the  connecting  chain  of  the  pressure 
plate  broke.  It  is  probable  that  greater 
pressures  occurred  afterwards  on  the 
same  day,  and  also  in  the  gale  of  January 
26th,  at  which  date  the  chain  had  not 
been  renewed. 
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THE  ELEMENTARY  PRINCIPLES  OF  THE  GAS  ENGINE.. 


By  DENNY  LANE. 


From  the  "English  Mechanic' 


Befobe  the  invention  of  the  steam  en- 
gine, the  only  powers  employed  in  me- 
chanics were  those  of  wind  and  water 
mills  and  animal  power.  In  the  first  two 
no  conversion  of  one  force  into  another 
took  place;  they  were  mere  kinematic 
devices  for  employing  the  mechanical 
force  already  existing  in  the  gale  of  wind 
and  the  head  of  water.  With  regard  to 
the  power  developed  by  man  and  other 
animals,  we  had  in  them  examples  of 
most  efficient  heat  engines,  converting 
into  power  a  large  percentage  of  the  fuel 
burnt  in  the  lungs.  But  animal  power  is 
small  in  amount,  and  it  is  expensive  for 
two  reasons — first,  because  the  agents  re- 
quire long  intervals  of  rest,  during  which 
they  still  burn  fuel;  the  next,  because 
the  fuel  they  require  is  very  expensive. 
A  pound  of  bread,  or  beef,  or  oats  or 
beans,  costs  a  great  deal  more  than  a 
pound  of  coal ;  while  it  does  not,  by  its 
combustion,  generate  nearly  so  much 
heat.  The  steam  engine,  therefore,  took 
the  place  of  animal  power,  and  for  a  long 
time  stood  alone ;  and  nearly  all  the  mo- 
tive power  derived  from  heat  is  still  pro- 
duced by  the  mechanism  which  Watt 
brought  to  such  great  efficiency  in  so 
short  a  time.  Now,  the  practical  ques- 
tion for  all  designers  and  employers  of 
heat  engines  is,  to  determine  how  the 
greatest  quantity  of  motive  force  can  be 
developed  from  the  heat  evolved  from  a 
given  kind  of  fuel;  and  coal  being  the 
cheapest  of  all,  we  will  see  what  are  the 
results  obtainable  from  it  by  the  steam 
engine.  In  this  we  have  three  efficiencies 
to  consider — those  of  the  furnace,  the 
boiler,  and  the  cylinder.  First,  with  re- 
spect to  the  furnace,  the  object  is  to 
combine  the  carbon  and  the  hydrogen  of 
the  coal  with  a  sufficient  quantity  of  the 
oxygen  of  the  air  to  effect  complete  com- 
bustion into  carbonic  acid  and  water.  In 
order  to  do  this,  we  have  to  use  a  quan- 
tity of  air  much  larger  than  is  theoreti- 
cally necessary,  and  also  to  heat  an 
amount  of  inert  nitrogen  five  times 
greater  than  the  necessary  oxygen ;  and 


we  are  therefore  obliged  to  create  a 
draught  which  carries  away  to  the  chim- 
ney a  considerable  portion  of  the  heat 
developed.  The  combustion,  moreover, 
is  never  perfect,  and  some  heat  is  lost  by 
conduction  and  radiation.  The  principal 
loss  is  by  hot  gases  escaping  from  the 
flues  to  the  chimney.  Even  with  well-set 
boilers,  the  temperature  in  the  chimney 
varies  from  400°  to  600°.  Taking  the 
mean  of  500°,  this  would  represent  a 
large  proportion  of  the  total  heat,  even  if 
the  combustion  were  perfect ;  for,  as  a 
general  rule,  the  supply  of  air  to  a  fur- 
nace is  double  that  which  is  theoretically 
necessary.  For  our  present  purpose  it 
will  be  sufficient  to  see  how  much  the 
whole  loss  is,  without  dividing  it  under 
the  several  heads  of  "  imperfect  combus- 
tion," "radiation,"  and  "convection,"  by 
the  heated  gases  passing  to  the  chimney. 
With  a  very  good  boiler  and  furnace, 
each  pound  of  coal  evaporates  10  lbs.  of 
water  from  62°,  changing  it  into  steam  of 
65  lbs.  pressure  at  a  temperature  of  312°, 
or  250°  above  that  of  the  water  from 
which  it  is  generated.  Besides  these 
250°,  each  pound  of  steam  contains  894 
units  of  latent  heat,  or  1,144  units  in  all. 
A  very  good  condensing  engine  will  work 
with  2.2  lbs.  of  coal  and  22  lbs.  of  steam 
per  horse  per  hour.  Now,  1  lb.  of  good 
coal  will,  by  its  combustion,  produce  14,- 
000  heat  units,  and  the  2.2  lbs.  of  coal 
multiplied  by  14,000  represent  30,800 
heat  units.  Of  these  we  find  in  the  boiler 
22X1,144,  or  25,168  units,  or  about  81J- 
per  cent,  of  the  whole  heat  of  combus- 
tion ;  so  that  the  difference  (5,632  units, 
or  18£  per  cent.)  has  been  lost  by  imper- 
fect combustion,  radiation,  or  convection. 
The  water  required  for  condensing  this 
quantity  of  steam  is  550  lbs. ;  and  taking 
the  temperature  in  the  hot  well  as  102°, 
550  lbs.  have  been  raised  40°  from  62°. 
Thus  we  account  for  550x40=22,000,  or 
(say)  71^  per  cent,  still  remaining  as 
heat.  If  we  add  this  71-J-  per  cent,  to 
18J,  we  have  90  per  cent.,  and  there  re- 
main only  10  per  cent,  of  the  heat  that. 
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can  possibly  have  been  converted  into 
power.  Bnt  some  of  this  has  been  lost 
by  radiation  from  steam  pipes,  cylinder, 
&c.  Allowing  bnt  1  per  cent,  for  this, 
we  have  only  9  per  cent,  as  the  efficiency 
of  a  really  good  condensing  engine. 
This  estimate  agrees  very  closely  with 
the  actual  result ;  for  the  2.2  lbs.  of  coal 
would  develop  30,800  heat  units ;  and 
this  multiplied  by  Joule's  equivalent 
amounts  to  nearly  24  millions  of  foot- 
pounds. As  1  horse-power  is  a  little  less 
than  2  million  foot-pounds  per  hour,  only 
one- twelfth,  or  a  little  more  than  8  per 
cent.,  of  the  total  heat  is  converted ;  so 
that,  whether  we  look  at  the  total  quan- 
tity of  heat  which  we  show  unconverted, 
or  the  total  heat  converted,  we  find  that 
each  supplements  and  corroborates  the 
other.  If  we  take  the  efficiency  of  the 
engine  alone,  without  considering  the 
loss  caused  by  the  boiler,  we  find  that 
the  25,168  heat  units  which  entered  the 
boiler  should  have  given  19,429,696  foot- 
pounds ;  so  that  the  2  millions  given  by 
the  engine  represent  about  10  per  cent, 
of  the  heat  which  has  left  the  boiler. 
The  foregoing  figures  refer  to  large  sta- 
tionary or  marine  engines,  with  first-rate 
boilers.  When,  however,  we  come  to 
high-pressure  engines  of  the  best  type, 
the  consumption  of  coal  is  twice  as  much ; 
and  for  those  of  any  ordinary  type  it  is 
usual  to  calculate  1  cubic  foot,  or  62£  lbs. 
of  water  evaporated  per  horse  -  power. 
This  would  reduce  the  efficiency  to  about 
6  per  cent,  for  the  best  and  3  per  cent, 
for  ordinary  non-condensing  engines ; 
and  if  to  this  we  add  the  inefficiency  of 
some  boilers,  it  is  certain  that  many 
small  engines  do  not  convert  into  power 
more  than  2  per  cent,  of  the  potential 
energy  contained  in  the  coal. 

Before  explaining  the  principle  upon 
which  the  gas  engine  and  every  other  hot 
air  engine  depends,  I  shall  remind  you 
of  a  few  data  with  which  most  of  you  are 
already  familiar.  The  volume  of  every 
gas  increases  with  the  temperature ;  and 
this  increase  was  the  basis  of  the  air 
thermometer — the  first  ever  used.  It  is 
to  be  regretted  that  it  was  not  the 
foundation  of  all  others,  for  it  is  based 
on  a  physical  principle  universally  applic- 
able. Although  the  volume  increases 
with  the  temperature,  it  does  not  increase 
in  proportion  to  the  degrees  of  any  ordi- 
nary scale,  but  much  more  slowly.    Now, 


if  to  each  of  the  terms  of  an  arithmetical 
series  we  add  the  same  number,  the  new 
series  so  formed  increases  or  decreases 
more  slowly  than  the  original;  and  it 
was  discovered  that  by  adding  461  to  the 
degrees  of  Fahrenheit's  scale,  the  new 
scale  so  formed  represented  exactly  the 
increment  of  volume  caused  by  increase 
of  temperature.  This  scale,  proposed  by 
Sir  W.  Thomson  in  1848,  is  called  the 
"  scale  of  absolute  temperature  ;  "  its 
zero,  called  the  "  absolute  zero,"  is  461° 
below  the  zero  of  Fahrenheit,  or  493°  be- 
low the  freezing  point  of  water  ;  and  the 
degree  of  heat  measured  by  it  is  termed 
the  "  absolute  temperature"  It  is  often 
convenient  to  refer  to  39°  Fahr.  (which 
happens  to  be  the  point  at  which  water 
attains  its  maximum  density),  as  this  is 
the  same  as  500°  absolute,  for,  counting 
from  this  datum  level,  a  volume  of  air 
expands  exactly  1  per  cent,  for  5°,  and 
would  be  doubled  at  1000°  absolute,  or 
439°  Fahr. 

Whenever  any  body  is  compressed,  its 
specific  heat  is  diminished,  and  the  sur- 
plus portion  is,  as  it  were,  pushed  out  of 
the  body,  appearing  as  sensible  heat; 
and  whenever  any  body  is  expanded  its 
specific  heat  is  increased,  and  the  addi- 
tional quantity  of  heat  requisite  is,  as  it 
were,  sucked  in  from  surrounding  bodies, 
so  producing  cold.  This  action  may  be 
compared  to  that  of  a  wet  sponge  from 
which,  when  compressed,  a  portion  of  the 
water  is  forced  out,  and  when  the  sponge 
is  allowed  to  expand  the  water  is  drawn 
back.  This  effect  is  manifested  by  the 
increase  of  temperature  in  air-compress- 
ing machines,  and  the  cold  produced  by 
allowing  or  forcing  air  to  expand  in  air- 
cooling  machines.  At  39°  Fahr.  1  lb.  of 
air  measures  12£  cubic  feet.  Let  us  sup- 
pose that  1  lb.  of  air  at  39°  Fahr.  =  500° 
absolute,  is  contained  in  a  non-conduct- 
ing cylinder  of  1  ft.  area  and  12£  ft.  deep 
under  a  counter  -  poised  piston.  The 
pressure  of  the  atmosphere  on  the  piston 
=  144  square  inches  X  14.7  lbs.,  or  2,116 
lbs.  If  the  air  be  now  heated  up  to  539° 
Fahr.  =  1000°  absolute,  and  at  the  same 
time  the  piston  is  not  allowed  to  move, 
the  pressure  is  doubled ;  and  when  the 
piston  is  released  it  would  rise  12£  ft. 
provided  that  the  temperature  remained 
constant,  and  the  indicator  would  de- 
scribe a  hyperbolic  curve,  called  an  "  iso- 
thermal," because  the  temperature  would 
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have  remained  equal  throughout.  But, 
in  fact,  the  temperature  is  lowered,  be- 
cause expansion  has  taken  place,  and  the 
indicator  curve  which  would  then  be  de- 
scribed is  called  an  "adiabatic  curve," 
which  is  more  inclined  to  the  horizontal 
lines  when  the  volumes  are  represented 
by  horizontal  and  the  pressures  by  verti- 
cal co-ordinates.  In  this  case  it  is  sup- 
posed that  there  is  no  conduction  or 
transmission  (diabasis)  of  heat  through 
the  sides  of  the  containing  vessel.  If, 
however,  an  additional  quantity  of  heat 
be  communicated  to  the  air,  so  as  to 
maintain  the  temperature  at  1000°  abso- 
lute, the  piston  will  rise  until  it  is  12^  ft. 
above  its  original  position,  and  the  indi- 
cator will  describe  an  isothermal  curve. 
Now  mark  the  difference.  When  the 
piston  was  fixed,  only  a  heating  effect 
resulted ;  but  when  the  piston  moved  up 
12-J  ft.,  not  only  a  heating,  but  a  mechan- 
ical— in  fact,  a  thermo  -  dynamo — effect 
was  produced,  for  the  weight  of  the  at- 
mosphere (2,116  lbs.)  was  lifted  12^  ft. 
=26,450  foot-pounds. 

The  specific  heat  of  air  at  constant 
pressure  has  been  proved  by  the  experi- 
ments of  Regnault  to  be  0.2378,  or  some- 
thing less  than  one-fourth  of  that  of 
water — a  result  arrived  at  by  Eankine 
from  totally  different  data.  In  the  case 
we  have  taken  there  have  been  expended 
500x0.2378,  or  (say)  118.9  heat  units  to 
produce  26,450  foot-pounds.     Each  unit 

has,   therefore,  produced  -  '        =  222  5 

lio.y 

foot-pounds,  instead  of  772  foot-pounds, 
which  would  have  been  rendered  if  every 
unit  had  been  converted  into  power.    We 

222.5 

therefore    conclude   that  -^^-  =  29 


772 


per 


cent,  of  the  total  heat  has  been  converted. 
The  residue,  or  71  per  cent.,  remains 
unchanged  as  heat,  and  may  be  partly 
saved  by  a  regenerator,  or  applied  to 
other  purposes  for  which  a  moderate 
heat  is  required. 

The  quantity  of  heat  necessary  to  raise 
the  heat  of  air  at  a  constant  volume  is 
only  71  per  cent,  of  that  required  to  raise 
to  the  same  temperature  the  same  weight 
of  air  under  constant  pressure.  This  is 
exactly  the  result  at  which  Laplace  ar- 
rived from  observations  on  the  velocity 
pf  sound,  and  may  be  stated  thus  : — 


Specific 
Heat. 


Foot  Per 
lbs.  Cent. 


Kp  =  1  lb.    of  air  at 

constant  pressure  .  .0.2378x772=183.5=100 
KY  =  1  lb.   of  air  at 

constant  volume  . . .  0 .  1688  x  772=130 .  3=  71 


Difference  being) 
heat  converted  in-  >  0.0690x772=  53.2=  29 
to  power.  ) 

Or,  in  a  hot-air  engine  without  regenera- 
tion, the  maximum  effect  of  1  lb.  of  air 
heated  1°  Fahr.  would  be  53.2  f.  p.  The 
quantity  of  heat  Kv  necessary  to  heat  air 
under  constant  volume  is  to  Kp ,  or  that 
necessary  to  heat  it  under  constant  press- 
ure, as  71 :  100,  or  as  1 :  1.408,  or  very 
nearly  as  1 :  ^/2 — a  result  which  was  ar- 
rived at  by  Masson,  from  theoretical  con- 
siderations. The  71  per  cent,  escaping 
as  heat  may  be  utilized  in  place  of  other 
fuel,  and  with  the  first  hot-air  engine  I 
ever  saw  it  was  employed  for  drying 
blocks  of  wood.  In  the  same  way,  the 
unconverted  heat  of  the  exhaust  steam 
from  a  high-pressure  engine,  or  the  heated 
gases  and  water  passing  away  from  a  gas 
engine  may  be  employed. 

When  I  first  wrote  on  this  subject  I 
relied  upon  some  data  which  led  me  to 
suppose  that  the  heating  power  of  ordi- 
nary coal  gas  was  higher  than  it  really  is. 
At  our  last  meeting,  Mr.  Hartley  proved, 
by  experiments  with  his  calorimeter,  that 
gas  of  16  or  17  candles  gave  only  about 
630  units  of  heat  per  cubic  foot.  Now, 
if  all  this  heat  could  be  converted  into 
power,  it  would  yield  630x772,  or  486,- 
360  f.  p.,  and  it  would  require  only 
/1,980,000\  Mnn  .  .  M  ,  ' 
\~lR^af)~)~         cukic  feet  to  produce 

1  indicated  horse-power.  Some  recent 
tests  have  shown  that,  with  gas  of  similar 
heating  power,  18  cubic  feet  have  given 
1  indicated  horse-power,  and   therefore 

4.07 

-— - =22. 6  of  the  whole  heat  has  been 
lo 

converted — a  truly  wonderful  proportion 
when  compared  with  steam  engines  of  a 
similar  power,  showing  only  an  efficiency 
of  2  to  4  per  cent. 

The  first  gas  engine  which  came  into 
practical  use  was  Lenoir's,  invented  about 
1866,  in  which  the  mixture  of  gas  and  air 
drawn  in  for  part  of  the  stroke  at  atmos- 
pheric pressure  was  inflamed  by  the 
spark  from  an  induction  coil.  This  re- 
quired a  couple  of  cells  of  a  strong  Bun- 
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sen  battery,  was  apt  to  miss  fire,  and 
used  about  90  cubic  feet  per  horse-power. 
This  was  succeeded  by  Hugon's  engine, 
in  which  the  ignition  was  caused  by  a 
small  gas-flame,  and  the  consumption  was 
reduced  to  80  cubic  feet.  In  1864  Otto's 
atmospheric  engine  was  invented,  in 
which  a  heavily-loaded  piston  was  forced 
upwards  by  an  explosion  of  gas  and  air 
drawn  in  at  atmospheric  pressure.  In  its 
upward  stroke  the  piston  was  free  to 
move  ;  but  in  its  downward  stroke  it  was 
connected  with  a  ratchet,  and  the  partial 
vacuum  formed  after  the  explosion  be- 
neath the  piston,  together  with  its  own 
weight  in  falling,  operated  through  a 
rack,  and  caused  rotation  of  the  fly-wheel. 
This  engine  (which,  in  an  improved  form, 
uses  only  20  cubic  feet  of  gas)  is  still 
largely  employed,  some  1,600  having 
been  constructed.  The  great  objection 
to  it  was  the  noise  it  produced,  and  the 
wear  and  tear  of  the  ratchet  and  rack 
arrangements.  In  1876  the  Otto-Cross- 
ley  silent  engine  was  introduced.  As  you 
are  aware,  it  is  a  single-acting  engine,  in 
which  the  gas  and  air  are  drawn  in  by 
the  first  outward  and  compressed  by  the 
first  inward  stroke.  The  compressed  mix- 
ture is  then  ignited,  and,  being  expanded 
by  heat,  drives  the  piston  outwards  by 
the  second  outward  stroke.  Near  the 
end  of  this  stroke  the  exhaust-valve  is 
opened,  the  products  of  combustion 
partly  escape,  and  are  partly  driven  out 
by  the  second  inward  stroke.  I  say 
partly,  for  a  considerable  clearance  space, 
equal  to  0.38  per  cent,  of  the  whole  cyl- 
inder volume,  remains  unexhausted  at 
the  inner  end  of  the  cylinder.  When 
working  to  full  power,  only  one  stroke 
out  of  every  four  is  effective ;  but  this 
engine  works  with  only  18  to  22  cubic 
feet  of  gas  per  horse-power.  Up  to  the 
present  time  I  am  informed  that  about 
18,000  of  these  engines  have  been  manu- 
factured. Several  other  compression  en- 
gines have  been  introduced,  of  which  the 
best  known  is  Mr.  Dugald  Clerk's,  using 
about  20  ft.  of  Glasgow  cannel  gas.  It 
gives  one  effective  stroke  for  every  revo- 
lution ;  the  mixture  being  compressed  in 
a  separate  aii'-pump.  But  this  arrange- 
ment leads  to  additional  friction ;  and 
the  power  measured  by  the  brake  is  a 
smaller  percentage  of  the  indicated  horse- 
power than  in  the  Otto-Crossley  engine. 
A  number  of  gas  engines — such  as  Bis- 


schop's  (much  used  for  very  small  pow- 
ers), Robson's  (at  present  undergoing 
transformation  in  the  able  hands  of 
Messrs.  Tangye),  Korting's,  and  others — 
are  in  use ;  but,  so  far  as  I  can  learn,  all 
require  a  larger  quantity  of  gas  than 
those  previously  referred  to. 

I  have  all  along  spoken  of  efficiency  as 
a  percentage  of  the  total  quantity  of  heat 
evolved  by  the  fuel ;  and  this  is,  in  the 
eyes  of  a  manufacturer,  the  essential 
question.  Other  things  being  equal,  that 
engine  is  the  most  economical  which  re- 
quires the  smallest  quantity  of  coal  or  of 
gas.  But  men  of  science  often  employ 
the  term  efficiency  in  another  sense, 
which  I  will  explain.  If  I  wind  a  clock, 
I  have  spent  a  certain  amount  of  energy 
lifting  the  weight.  This  is  called  "ener- 
gy of  position ; "  and  it  is  returned,  by 
the  fall  of  the  weight,  to  its  original 
level.  In  the  same  way  if  I  heat  air  or 
water  I  communicate  to  it  energy  of  heat, 
which  remains  potential  as  long  as  the 
temperature  does  not  fall,  but  which  can 
be  spent  again  by  a  decrease  of  tempera- 
ture. In  every  heat  engine,  therefore, 
there  must  be  a  fall  from  a  higher  to  a 
lower  temperature,  otherwise  no  work 
could  be  done.  If  the  water  in  the  con- 
denser of  a  steam  engine  were  as  hot  as 
that  in  the  boiler,  there  would  be  equal 
pressure  on  both  sides  of  the  piston,  and 
consequently  the  engine  would  remain  at 
rest.  Now.  the  greater  the  fall,  the 
greater  the  power  developed ;  for  a 
smaller  proportion  of  the  heat  remains  as 
heat.  If  we  call  the  higher  temperature 
T  and  the  lower  T'  on  the  absolute  scale, 
T  — T'  is  the  difference;  and  the  ratio  of 
this  to  the  higher  temperature  is  called 
the  "  efficiency.''  This  is  the  foundation 
of  the  formula  we  meet  so  often:  E  = 

T— T' 

— = —  A  perfect  heat  engine  would,  there- 
fore, be  one  in  which  the  temperature  of 
the  absolute  zero  would  be  attained,  for 

T-0 

— = —  =  1  per  cent.  This  low  tempera- 
ture, however,  has  never  been  reached ; 
and  in  all  practical  cases  we  are  confined 
within  much  narrower  limits.  Taking  the 
case  of  the  condensing  engine,  the  limits 
were  312°  to  102°,  or  773°  and  563°  ab- 
solute, respectively.     The  equation  then 

773-563     210        ,       s  or7 
becomes  -^^ — =773°r   (sa^  2T   Per 
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cent.  With  non-condensing  engines  the 
temperatures  may  be  taken  at  312°  and 
212°,  or  773°  and  673°  absolute,  re- 
spectively. The  equation  then  becomes 
773-673      100  _     _ 

— ^3 —  =  773S  or  nearly  13  Per  cent- 

The  practical  efficiencies  are  not  nearly 
this;   but  they  are  in  about   the   same 

27 
ratio,  —  and  if  we  multiply  the  theoreti- 
cal efficiencies  by  0.37,  we  get  the  practi- 
cal efficiencies,  say  10  per  cent,  and  5  per 
cent.,  and  it  is  in  the  former  sense  that 
M.  Witz  calculated  the  efficiency  of  the 
steam  engine  at  35  per  cent. — a  state- 
ment which,  I  own,  puzzled  me  a  little 
when  I  first  met  it.  These  efficiencies 
do  not  take  any  account  of  loss  of  heat 
before  the  boiler.  In  the  case  of  the  gas 
engine  the  question  is  much  more  com- 
plicated on  account  of  the  large  clearance 
space,  and  the  early  opening  of  the  ex- 
haust. The  highest  temperature  has 
been  calculated  by  the  American  observ- 
ers at  3443°  absolute,  and  the  observed 
temperatures  of  the  exhaust  gases  were 
1220°.      The     fraction      then     becomes 

3443-1229       ..  ,      „  ... 

- — p-— r =  64  per  cent.     If  we  multi- 

3443  r 

ply  this  by  0.37,  as  we  did  in  the  case  of 
the  steam  engine,  we  get  23.7  per  cent., 
or  approximately  the  same  as  that  arrived 
at  by  direct  experience.  Indeed,  if  the 
consumption  is,  as  stated  sometimes,  less 
than  18  ft.,  the  two  percentages  would 
be  exactly  the  same.  I  do  not  put  this 
forward  as  scientifically  true;  but  the 
coincidence  is  at  least  striking. 

I  have  spoken  of  the  illuminating  pow- 
er of  the  gas  as  of  importance ;  for  the 
richer  gases  have  also  more  calorific 
power,  and  an  engine  would,  of  course, 
require  a  smaller  quantity  of  them.  The 
heat-giving  power  does  not,  however,  vary 
as  the  illuminating  power,  but  at  a  much 
slower  rate ;  and,  adopting  the  same  con- 
trivance as  that  on  which  the  absolute 
scale  of  temperature  is  formed,  I  would 
suggest  a  -formula  of  the  following  type : 
H=C(I  +  K),  in  which  H  represents  the 
number  of  heat  units  given  out  by  the 
combustion  of  one  cubic  foot  of  gas,  I  is 
the  illuminating  power  in  candles,  and  C 
and  K  two  constants  to  be  determined 
by  experiment.  If  we  take  the  value  for 
motive  power  of  the  different  qualities  of 
gas  as  given  in  Mr.  Charles  Hunt's  inter- 


esting paper  in  our  Transactions  for 
1882,  C  might,  without  any  great  error, 
be  taken  as  22  and  K  as  7.5.  With 
Pintsch's  oil  gas,  however,  as  compared 
with  coal  gas,  this  formula  does  not  hold, 
and  C  should  be  taken  much  lower  and 
K  much  higher  than  the  figures  given 
above ;  that  is  to  say,  the  heating  power 
increases  in  a  slower  progression.  The 
data  available,  however,  are  few;  but  I 
trust  Mr.  Hartley  will  on  this,  as  he  has 
done  on  so  many  other  scientific  subjects, 
come  to  our  aid. 

I  will  now  refer  to  the  valuable  experi- 
ments of  Messrs.  Brooks  and  Steward, 
which  were  most  carefully  made.  Every- 
thing was  measured — the  gas  by  a  60- 
light  and  the  air  by  a  300-light  meter ; 
the  indicated  horse-power,  by  a  steam 
engine  indicator ;  the  useful  work,  by  a 
Prony  Brake ;  the  temperature  of  the 
water,  by  a  standard  thermometer ;  and 
that  of  the  escaping  gases  by  a  pyrome- 
ter. The  gas  itself  was  analyzed,  and  its 
heating  power  calculated  from  its  compo- 
sition as  617.50.  Its  specific  gravity  was 
0.464,  and  the  volume  of  air  was  about 
seven  times  that  of  the  gas  used  (or  one- 
eighth  of  the  mixture),  and  was  only  11-J 
per  cent,  by  weight  more  than  was  need- 
ed for  perfect  combustion.  The  results 
arrived  at  were  as  follows  : — 

Converted  into  indicated  horse-power,  in- 
cluding friction,  &c 17.0 

Escaped  with  the  exhaust  gas 15 .5 

Do.      in  radiation 15 .5 

Communicated  to  water  in  the  jacket 52.0 

It  will  thus  be  seen  that  more  than 
half  of  the  heat  is  communicated  to  the 
water  in  the  jacket.  Now,  this  is  the 
opposite  of  the  steam  engine,  where  the 
jacket  is  used  to  transmit  the  heat  to  the 
cylinder,  and  not  from  it.  This  cooling 
is  rendered  necessary,  because  without  it 
the  oil  would  be  carbonized,  and  lubrica- 
tion of  the  cylinder  rendered  impossible. 
Indeed,  a  similar  difficulty  has  occurred 
with  all  hot-air  engines,  and  is,  I  think, 
the  reason  they  have  not  been  more  gen- 
erally adopted.  I  felt  this  so  strongly 
that,  for  some  time  after  the  introduction 
of  the  gas  engine,  I  was  very  cautious  in 
recommending  those  who  consulted  me 
to  adopt  it.  I  was  afraid  that  the  wear 
and  tear  would  be  excessive.  I  have, 
however,  for  some  time  past  been  thor- 
oughly satisfied  that  this  fear  was  need- 
less, as  I  am  satisfied  that  a  well-made 
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gas  engine  is  as  durable  as  a  steam  en- 
gine, and  the  parts  subject  to  wear  can 
be  replaced  at  a  moderate  cost.  We  have 
no  boiler,  no  feed  -  pump,  no  stuffing 
boxes  to  attend  to — no  water  gauges, 
pressure  gauges,  safety  valve,  or  throttle 
valve  to  look  after.  The  governor  is  of 
a  very  simple  construction,  and  the  slide 
valve  may  be  removed  and  replaced  in  a 
few  minutes.  An  occasional  cleaning  out 
of  the  cylinder  at  considerable  intervals 
is  all  the  supervision  that  the  engine  re- 
quires. 

The  very  large  percentage  of  heat  ab- 
sorbed by  the  water-jacket  should  point 
out  to  the  ingenuity  of  inventors  the  first 
problem  to  be  attacked — viz.,  how  to  save 
this  heat  without  wasting  the  lubricant 
or  making  it  inoperative ;  and  in  the  so- 
lution of  this  problem  I  look  for  the  most 
important  improvement  to  be  expected 
in  the  engine.  The  most  obvious  con- 
trivance would  be  some  sort  of  intercept- 
ing shield,  which  would  save  the  walls  of 
the  cylinder  and  the  rings  of  the  piston 
from  the  heat  of  the  ignited  gases.  I 
have  just  learned  that  something  of  the 
Jjind  is  under  trial.  Another  solution 
may  possibly  be  found  in  the  employ- 
ment of  a  fluid  piston  ;  but  here  we  are 
placed  in  a  dilemma  between  the  liquids 
that  are  decomposed  and  the  metals  that 
are  oxidized  at  high  temperatures.  Next, 
the  loss  by  radiation — 15  per  cent. — 
seems  large ;  but  this  is  to  be  attributed 
to  the  fact  that  the  inside  surface  of  the 
•cylinder  is  at  each  inward  stroke  exposed 
to  the  atmosphere — an  influence  which 
contributes  to  the  cooling  necessary  for 
lubrication.  The  remaining  15  per  cent., 
which  is  carried  away  by  the  exhaust,  is 
small,  compared  with  the  proportion 
passing  away  with  the  exhaust  steam  of 
a  high  pressure,  or  the  water  of  a  con- 
densing engine.  As  the  water  in  the 
jacket  can  be  safely  raised  to  212°  Fahr., 
the  whole  of  the  jacket  heat  can  be  util- 
ized where  hot  water  is  required  for  other 
purposes;  and  this,  with  the  exhaust 
gases,  has  been  used  for  drying  and  heat- 
ing purposes. 

With  such  advantages,  it  may  be  asked : 
Why  does  not  the  gas  engine  everywhere 
supersede  the  steam  engine  ?  My  answer 
is  a  simple  one :  The  gas  we  manufacture 
is  a  dear  fuel  compared  with  coal.  Ordi- 
nary coal  gas  measures  30  cubic  feet  to 
the  pound:   1,000  cubic  feet,  therefore, 
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weighs  33  lbs. ;  and  taking  the  price  at 
2s.  9d.  per  1,000  cubic  feet,  it  costs  Id. 
per  lb.  The  30  cubic  feet  at  6,300  give 
190,000  all  available  heat.  Although 
good  coal  may  yield  14,000  units  by  its 
combustion,  only  about  11,000  of  these 
reach  the  boiler  ;  so  that  the  ratio  of  the 
useful  heat  is  ^J.  The  thermal  efficiency 
of  the  best  non-condensing  engine  to 
that  of  the  gas  engine  is  in  the  ration^. 
Multiplying  together  these  two  ratio,  we 
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~Z  =  ^8.     That  is,  speaking 

roughly,  1  lb.  of  gas  gives  about  ten 
times  as  much  power  as  1  lb.  of  coal  does 
in  a  good  non-condensing  engine.  But 
at  18s.  Id.  a  ton  we  get  10  lbs.  of  coal 
for  Id. ;  so  that  with  these  figures  the 
cheapness  of  the  coal  would  just  compen- 
sate for  the  efficiency  of  the  gas.  As  to 
the  waste  heat  passing  away  from  the 
engine  being  utilized,  here  the  gas  engine 
has  no  advantage ;  and  so  far  as  this  is 
concerned,  the  gas  is  about  eight  times 
dearer  than  coal.  The  prices  of  gas  and 
coal  vary  so  much  in  different  places, 
that  it  is  hard  to  determine  in  what  cases 
gas  or  coal  will  be  the  dearer  fuel,  con- 
sidering this  point  alone. 

But  there  are  other  kinds  of  non-illum- 
inating gases — such  as  Wilson's,  Strong's, 
and  Dowson's — which  are  now  coming 
into  use  ;  and  at  Messrs.  Crossley's  works 
you  will  have  an  opportunity  of  seeing  a 
large  engineering  factory  employing  sev- 
eral hundred  mechanics,  and  without  a 
chimney,  in  which  every  shaft  and  tool  is 
driven  by  gas  engines  supplied  by  Dow- 
son's gas,  and  in  which  the  consumption 
of  coal  is  only  1.2  lb.  per  horse-power. 
The  greatest  economy  ever  claimed  for 
the  steam  engine  was  a  consumption  of 
1.6  lb.,  and  this  with  steam  of  very  high 
pressure,  expanded  in  three  cylinders 
successively.  Thus  in  a  quarter  of  a  cen- 
tury the  gas  engine  has  beaten  in  the 
race  the  steam  engine;  although  from 
Watt's  first  idea  of  improvement  nearly 
a  century  and  a  quarter  have  elapsed. 

As  regards  the  steam  engine,  it  is  the 
opinion  of  competent  authorities  that  the 
limits  of  temperature  between  which  it 
works  are  so  restricted,  and  so  much  of  the 
heat  is  expended  in  producing  a  change 
of  state  from  liquor  to  vapor,  that  little 
further  improvement  can  be  made.    With 
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respect  to  gas  engines,  the  limits  of  tem- 
perature are  much  further  apart.  A 
change  of  state  is  not  required,  and  so, 
very  great  improvement  may  still  be 
looked  for  ;  and  it  is  not  impossible  that 
some  of  the  younger  members  of  our 
body  may  live  to  see  that  period  foretold 
by  one  of  the  greatest  of  our  civil  engi- 


neers— that  the  happy  time  when  boiler 
explosions  will  be  matters  of  history — 
that  period,  not  a  millennium  removed  by 
a  thousand  years,  but  an  era  deferred 
perhaps  by  only  half  a  dozen  decades, 
when  the  use  of  the  gas  engine  will  be 
universal,  and  "a  steam  engine  can  be 
found  only  in  a  cabinet  of  antiquities." 


ON  THE  CHANGES  PRODUCED  BY  MAGNETIZATION  IN  THE 
LENGTH  OF  RODS  OF  IRON,  STEEL  AND  NICKEL. 


By  SHELFORD  BIDWELL,  M.A.,  LL.B.* 

From  "Nature." 


The  earliest  systematic  experiments  on 
the  effects  produced  by  magnetization 
upon  the  length  of  iron  and  steel  bars 
are  those  of  Joule,  an  account  of  which 
is  published  in  the  Phil.  Mag.  of  1847. 
Joule's  experiments  have  many  times 
been  repeated,  and  his  general  results 
confirmed.  In  particular,  Prof.  A.  M. 
Mayer  carried  out  a  series  of  very  careful 
observations  with  apparatus  of  elaborate 
construction  and  great  delicacy.  The 
conclusions  at  which  he  arrived  were  in 
accord  with  those  of  Joule,  so  far  as  re 
gards  iron;  in  the  case  of  steel  there 
was  some  apparent  discrepancy,  which, 
however,  might  to  a  great  extent,  be  ac- 
counted for  by  differences  in  the  quality 
of  the  metal  used  and  in  the  manner  of 
conducting  the  experiments.  In  1882 
Prof.  Barrett  published  in  Nature  an  ac- 
count of  some  experiments  which  he  had 
made,  not  only  on  iron  but  also  on  bars 
of  nickel  and  cobalt,  with  the  view  of  as- 
certaining the  effect  of  magnetization 
upon  their  length. 

The  knowledge  on  the  subject  up  to 
the  present  time  may  be  summarized  as 
follows : 

(1)  Magnetization  causes  in  iron  bars 
an  elongation,  the  amount  of  which  varies 
up  to  a  certain  point  as  the  square  of  the 
magnetizing  force.  When  the  saturation- 
point  is  approached  the  elongation  is 
less  than  this  law  would  require.  The  ef- 
fect is  greater  in  proportion  to  the  soft- 
ness of  the  metal. 

(2)  When  a  rod  or  wire  of  iron  is 
stretched  by  a  weight,  the  elongating  ef- 
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feet  of  magnetization  is  diminished ;  and 
if  the  ratio  of  weight  to  the  section  of 
the  wire  exceeds  a  certain  limit,  magnet- 
ization causes  retraction  instead  of  elonga- 
tion. 

(3)  Soft  steel  behaves  like  iron,  but  the 
elongation  for  a  given  magnetizing  force 
is  smaller  (Joule).  Hard  steel  is  slightly 
elongated,  both  when  the  magnetizing 
current  is  made  and  when  it  is  inter- 
rupted, provided  that  the  strength  of  the 
successive  currents  is  gradually  increased 
(Joule).  The  first  application  of  the 
magnetizing  force  causes  elongation  of  a 
steel  bar  if  it  is  tempered  blue,  and  re- 
traction if  it  is  tempered  yellow :  subse- 
quent applications  of  the  same  external 
magnetizing  force  cause  temporary  re- 
traction, whether  the  temper  of  the  steel 
is  blue  or  yellow  (Mayer). 

(4)  The  length  of  a  nickel  bar  is  dimin- 
ished by  magnetization,  the  maximum  re- 
traction being  twice  as  great  as  the  maxi- 
mum elongation  of  iron  (Barrett). 

In  order  that  the  results  of  Joule  and 
Mayer  might  be  comparable  with  those 
obtained  by  the  author,  he  made  an  at- 
tempt to  estimate  the  magnetizing  forces 
with  which  they  worked.  From  data 
contained  in  their  paper,  it  was  cal- 
culated that  the  strongest  magnetizing 
force  used  by  Joule  was  about  126  units, 
while  the  strongest  used  by  Mayer  did 
not  on  the  highest  probable  estimate  ex- 
ceed 118  units.  In  the  author's  experi- 
ments the  magnetizing  force  was  carried 
up  to  about  312  units.  The  metal  rods, 
too,  were  much  smaller  than  any  which 
had  been  before  used  for  the  purpose, 
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ranging  in  diameter  from  1.40  to  6.25 
mm.  Their  length  was  in  every  ease  100 
mm.,  and  the  apparatus  was  capable  of 
measuring  with  tolerable  certainty  an 
elongation  or  retraction  equal  to  a  ten- 
millionth  part  of  this  length. 

By  using  thinner  iron  rods  and  greater 
magnetizing  forces  than  those  previously 
employed,  the  following  curious  and  in- 
teresting fact  was  established.  If  the 
magnetization  be  carried  beyond  a  cer- 
tain critical  point,  the  consequent  elonga- 
tion, instead  of  remaining  stationary  at  a 
maximum,  becomes  diminished,  the  dim- 
inution increasing  with  the  magnetizing 
force.  If  the  force  is  sufficiently  in- 
creased, a  point  is  arrived  at  where  the 
original  length  of  the  rod  is  totally  un- 
affected by  magnetization ;  and  if  the 
magnetization  be  carried  still  further, 
the  original  length  of  the  rod  will  be  re- 
duced. It  also  appeared  that  the  posi- 
tion of  the  critical  point  in  steel  de- 
pended in  a  very  remarkable  manner  upon 
the  hardness  or  temper  of  the  metal ; 
considerable  light  is  thus  thrown  on  the 
apparently  anomalous  results  obtained  by 
Joule  and  by  Mayer.  Further  experi- 
ments disclosed  strong  reason  for  believ- 
ing that  the  value  of  the  critical  magnet- 
izing force  in  a  thin  iron  rod  was  greatly 
reduced  by  stretching ;  this  would  ex- 
plain the  fact  that  Joule  obtained  oppo- 
site effects  with  stretched  and  unstretched 
wires. 

By  ascertaining  the  relative  values  of 
the  temporary  moments  in  duced  by  gradu- 
in  creasing     external     magrnetizinsf 


tion  amounted  only  to  about  one-twenty- 
fifth  part  of  the  whole. 


ally 

forces,  an  attempt  was  made  to  connect 
the  point  of  maximum  elongation  with  a 
definite  phase  of  the  magnetization  of 
the  several  rods  in  which  the  elongation 
had  been  observed. 

Though  more  experiments  must  be 
made  before  it  is  possible  to  generalize 
from  them  with  perfect  safety,  the  results 
so  far  obtained  by  the  author  indicate 
the  laws  given  below.  The  elongations 
and  magnetizations  referred  to  are  tem- 
porary only  ;  before  the  beginning  of  an 
experiment  the  rod  was  permanently 
magnetized  by  passing  through  the  mag- 
netizing coil  a  current  equal  to  the 
strongest  subsequently  used.  In  iron 
the  greatest  elongation  due  to  permanent 
magnetization  was  generally  found  to 
be  about  one-third  of  the  total  elonga- 
tion, while  in  nickel  the  permanent  retrac- 


I.  IRON. 

(1)  The  length  of  an  iron  rod  is  in- 
creased by  magnetization  up  to  a  certain 
critical  value  of  the  magnetizing  force, 
when  a  maximum  elongation  is  reached. 

(2)  If  the  critical  value  of  the  magnet- 
izing force  is  exceeded,  the  elongation  is 
diminished  until  with  a  sufficiently  power- 
ful magnetizing  force  the  original  length 
of  the  rod  is  unaffected,  and,  if  the  force 
is  still  further  increased,  the  rod  under- 
goes retraction.  Shortly  after  the  critical 
point  is  passed,  the  elongation  dimin- 
ishes in  proportion  as  the  magnetizing 
force  increases.  The  greatest  actual  re- 
traction hitherto  observed  was  equal  to 
about  half  the  maximum  elongation,  but 
there  was  no  indication  of  a  limit,  and  a 
stronger  magnetizing  force  would  have 
produced  further  retraction. 

(3)  The  value  of  the  external  magnet- 
izing force  corresponding  to  maximum 
elongation  is  for  a  given  rod  approxi- 
mately equal  to  twice  its  value  at  the 
"  turning  point." 

Definition. — The  turning  point  in  the 
magnetization  of  an  iron  bar  is  reached 
when  the  temporary  moment  begins  to 
increase  less  rapidly  than  the  external 
magnetizing  force. 

(4)  The  external  force  corresponding 
to  the  point  of  maximum  elongation  in- 
creases (when  the  quality  of  the  iron  is 
the  same)  with  the  diameter  of  the  rod. 
So  also  does  its  value  at  the  turning- 
point. 

(5)  The  amount  of  the  maximum 
elongation  appears  to  vary  inversely  as 
the  square  root  of  the  diameter  of  the 
rod,  when  the  quality  of  the  iron  is  the 
same. 

(6)  The  turning  point,  and  therefore 
presumably  the  point  of  maximum  elonga- 
tion, occurs  with  a  smaller  magnetizing 
force  when  the  rod  is  stretched  than 
when  it  is  unstretched. 

II.    STEEL. 

(7)  In  soft  steel  magnetization  pro- 
duces elongation,  which,  as  in  the  case 
of  iron,  increases  up  to  a  certain  value  of 
the  magnetizing  force,  and  afterwards 
diminishes.     The  maximum  elongation  is 

:  less  than  in  iron,  and  the  rate  of  diminu- 
tion after  the  maximum  is  passed  is  also 
less. 
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(8)  The  critical  value  of  the  magnetiz- 
ing force  for  a  steel  rod  diminishes  with 
increasing  hardness  up  to  a  certain  point, 
corresponding  to  a  yellow  temper  ;  after 
which  it  increases,  and  with  very  hard 
steel  becomes  very  high.  There  is,  there- 
fore, a  critical  degree  of  hardness  for 
which  the  critical  magnetizing  force  is  a 
minimum  ;  in  steel  of  a  yellow  temper 
the  value  of  the  critical  magnetizing 
force  is  lower  than  in  steel  which  is  either 
softer  and  harder. 

(9)  In  soft  steel  a  strong  magnetizing 
force  subsequently  diminished  may  cause 
a  greater  temporary  elongation  than  the 
diminished  force  is  capable  of  producing 
if  applied  in  the  first  place. 


(10)  A  temporary  elongation  when 
once  produced  in  soft  steel  may  be  main- 
tained by  a  magnetizing  force  which  is 
itself  too  small  to  originate  any  percep- 
tible elongation. 

III.    NICKEL. 

(11)  Nickel  continues  to  retract  with 
magnetizing  forces  far  exceeding  those 
which  produce  the  maximum  elongation 
of  iron.  The  greatest  observed  retrac- 
tion of  nickel  is  more  than  three  times 
the  maximum  observed  elongation  of 
iron,  and  the  limit  has  not  yet  been 
reached. 

(12)  A  nickel  wire  stretched  by  a 
weight  undergoes  retraction  when  mag- 
netized. 


ELECTRIC  TRAMCARS.* 

By  A.  KECKENZAUN. 
From  "Iron." 


It  may  be  premature  to  read  a  paper 
on  the  subject  of  electric  tramcars,  con- 
sidering that  at  this  moment  there  is  only 
one  such  car  in  existence  in  this  country, 
so  far  as  the  author  is  aware.  This  soli- 
tary example  has,  moreover,  only  been  in 
operation  experimentally  since  October 
last.  It  was  with  considerable  hesitation, 
therefore,  that  this  paper  was  prepared 
at  the  invitation  of  the  council  of  this  in- 
stitute. The  Inventors'  Institute  has, 
'nevertheless,  the  privilege  before  other 
societies  in  this  respect,  that  it  will  judge 
of  the  merits  of  an  invention  as  an  inven- 
tion, apart  from  the  commercial  aspect  of 
the  problem.  Utility,  however,  is  the 
first  desideratum  in  an  invention,  and  the 
author  now  merely  submits  to  this  insti- 
tute the  bare  question  of  utility.  Before 
going  into  the  details  of  our  subject,  it 
may  be  interesting  to  dwell  for  a  moment 
upon  the  figures  in  the  table  below,  which 
was  prepared  in  order  to  show  what 
power  a  pair  of  horses  are  capable  of  ex- 
erting. The  power  exerted  in  propelling 
a,  46-passenger  car,  tractive  force  30  lbs. 
per  ton,  two  horses  pulling  4.5  tons,  is 
^at — 


*  Paper  read  before  the  Inventors'  Institute. 
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The  additional  power  necessary  to  pull 
a  car  round  curves  cannot  be  ascertained 
with  equal  accuracy ;  it  depends  upon  the 
radius  of  the  curve,  the  amount  of  play 
in  the  axle  boxes,  and  the  size  of  the 
wheel  flanges  ;  a  flexible  wheel  base  will 
considerably  facilitate  the  movement  on 
curved  roads. 

STARTING  FORCE. 

The  force  required  to  start  a  car  and 
to  get  up  speed  is  necessarily  greater 
than  that  required  to  maintain  the  speed 
uniformly.  ''It  is  a  variable  quantity," 
says  Mr.  D.  K.  Clark,  in  his  admirable 
book  on  tramways,  "  for  it  may  be  any- 
thing that  horses  choose  to  exert."  But 
it  has  been  found  by  experiment  that  the 
momentary  starting  force  is  about  four 
times  the  tractive  force  when  once  in 
motion  ;  thus  we  may  form  a  rough  idea 
as  to  the  exertion  of  a  horse  in  starting 
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a  car  on  the  level  or  on  an  incline. 
Horses  cannot  tell  us  of  their  sufferings ; 
we  know,  nevertheless,  that  their  life  in 
the  tramway  service  is  but  short,  although 
they  work  no  longer  than  three  to  four 
hours  a  day.  It  is  barbarous  to  use 
horses,  as  these  figures  show,  yet  there 
has  been  until  recently  no  economical 
substitute,  and  it  is  only  within  the  last 
few  years  that  mechanical  traction  has 
made  any  headway.  That  mechanical 
power  will  supersede  animal  power,  and 
that  at  no  distant  date,  is  admitted  on  all 
hands,  but  the  question  of  the  kind  of 
mechanical  power  to  be  employed  is  still 
an  open  one.  It  is  often  asked  why  so 
much  mechanical  power  is  required  for 
the  propulsion  of  tramcars,  and  why  it  is 
that  a  tram  locomotive  should  be  made 
to  give  as  much  as  40  indicated  horse- 
power and  more,  whilst  two  horses  seem 
to  do  the  same  amount  of  work. 

The  above  table  shows  what  mechan- 
ical work  is  actually  being  done.  James 
Watt  ascertained  experimentally  that  a 
strong  dray  horse  is  capable  of  producing 
a  continuous  effect  of  33,000  foot-pounds 
per  minute  ;  but  we  see  that  one  tram- 
horse  does  the  work  of  three  or  four  dray 
horses  very  frequently.  When  we  con- 
sider that  a  tramway  steam-locomotive 
often  weighs  from  8  to  10  tons  without 
the  car  and  passengers,  it  becomes  evi- 
dent that  the  indicated  horse-power 
above  given  is  no  extravagant  measure. 
Take  a  locomotive,  car,  and  passengers 
as  weighing  together  13  or  14  tons,  then, 
in  order  to  move  that  load  on  a  level  road 
at  a  speed  of  7  miles  per  hour,  with  a 
tractive  force  of  30  lbs.  per  ton,  we  re- 
quire from  7  to  8  actual  horse-power, 
which  is  equivalent,  after  allowing  for  en- 
gine friction,  to  about  11  indicated  horse- 
power ;  and,  when  traveling  up  an  incline 
of  1  in  37,  something  like  34  indicated 
horse-power.  Reducing  our  figures  to  a 
co-efficient,  and  maintaining  that  the 
tractive  force  is  30  lbs.  per  ton  on  a  level 
but  dirty  road,  we  come  to  the  conclusion 
that,  when  moving  at  a  rate  of  7  miles 
per  hour  in  a  straight  line,  we  shall  con- 
sume 8  foot-pounds  of  work  for  every 
pound  of  weight  on  the  rails ;  on  an  in- 
cline of  1.75  we  consume  16  foot-pounds, 
and  on  an  incline  of  1.37,  24  foot-pounds 
for  every  pound  weight  carried  at  the 
same  speed.  Therefore  it  is  of  the  ut- 
most importance  to  reduce  the  deadweight 


to  be  propelled  to  a  minimum.  Where 
the  locomotive  engine  has  to  drag  the 
!  car  behind  it,  it  becomes  necessary  to 
provide  weight  in  order  to  obtain  good 
;  adhesion  on  the  rails,  and  the  best  plan, 
no  doubt,  would  be  to  utilize  the  weight 
of  the  car  and  passengers  for  this  pur- 
pose. 

The  number  of  steam-locomotives  em- 
ployed, on  tramways  is  daily  increasing, 
and  steam  traction  is  gaining  in  public 
1  favor.     It   is   not,    however,  within   the 
range  of  this  paper  to  examine  into  the 
j  advantages   or   disadvantages    of   steam 
I  traction  ;    but  merely  to  show  whether 
J  electric  tramcars  have  any  chance  of  suc- 
;  cess  from  a  utilitarian  point  of  view.  We 
I  distinguish   between  the   terms   electric 
cars  and  electric  tramway  or  railway  ;  the 
j  electric  car  carries  its  energy  within  it- 
self, and  is  quite  independent  of  external 
j  influences  ;  whereas,  in  electric  tramways, 
I  the  energy,  electricity,  is  conveyed  from 
I  the   generating   station   to   the  rails   or 
|  other  conductor  communicating  with  the 
|  motor  which  turns  the  car  wheels.  Sepa- 
rate  conductors    are    used    by   Messrs. 
Siemens,  at  Portrush  or  elsewhere;  Mr. 
Magnus  Volk,  at  Brighton,  conveys  the 
current  through  the  rails— the  nature  of 
the  ground  (shingle)  on  Brighton  beach 
does  not  allow  of  any  accumulation  of 
rain  or  dirt,  the  rails  are  above  ground, 
and  there  is  no  traffic  across  the  line  ;  an 
electric  tramway  is  being  constructed  at 
Blackpool,   where    current    is   conveyed 
!  through  conductors  in  a  pipe  laid  under- 
'  ground    between    the    rails ;     this  pipe 
has  a  slot  throughout  the  whole  length 
t  to  permit  of  the  connection  between  the 
car   motor   and   the   conductor   beneath 
the  surface  of  the  road.   Our  electric  car, 
\  as  the  model  shows,  requires  no  conduct- 
ing medium ;  it  does  not  interfere  with 
the    rails  or   roadway    nor    with    other 
traffic,  and  it  can  be  shifted  from  one  line 
to  another  of  the  same  gauge,  it  can  be 
run   in   conjunction  with    the    ordinary 
horse-cars. 

THE  BATTERY. 

In  order  to  make  an  electric  car,  we  re- 
quire a  battery  which  can  be  stowed  away 
within  the  car.  Such  battery  has  to  be 
of  small  weight,  must  be  reliable,  supply 
any  quantity  of  current  according  to  the 
exigencies  of  the  road,  must  be  cheaper 
than  horse  flesh,  and  emit  no  smell. 
Primary  batteries  are  out  of  the  question ; 
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the  cost  of  zinc  consumed  in  them  would 
be  much  greater  than  that  of  animal 
power,  independent  of  the  difficulties  at- 
tending the  process  of  refilling  such  bat- 
teries when  exhausted.  The  invention  of 
the  secondary  (storage)  battery  put  the 
question  entirely  in  a  new  light ;  certain 
successful  laboratory  experiments  at  once 
suggested  the  adaptability  of  this  inven- 
tion to  the  propulsion  of  vehicles.  Four 
years  have  elapsed  since  the  introduction 
of  the  Faure  accumulator  into  this  coun- 
try. It  caused  quite  a  sensation  at  that 
time,  and  money  could  be  found  in 
abundance  for  the  exploitation  of  any- 
thing that  bore  an  electrical  name. 
Things  have  changed  entirely  since  then. 
The  original  Faure  battery  has  never  been 
of  any  practical  use,  and  very  substantial 
improvements  had  to  be  made,  at  enor- 
mous expense,  to  bring  the  secondary 
battery  to  a  commercial  value.  The  Elec- 
trical Power  Storage  Company  have  re- 
quired the  patent  rights  of  M.  Faure,  in 
addition  to  those  of  Messrs.  Sellon,  Swan 
and  Yolckmar,  and  they  have,  step  by 
step,  improved  the  mechanical  details  of 
these  storage  batteries,  until  they  arrived, 
after  immense  labor,  at  what  may  be 
termed  a  thoroughly  practical  article. 
But  the  prejudices  created  in  the  public 
mind  by  early  failures  have  not  quite 
worn  off  yet,  and  it  will  require  some- 
thing wonderful  and  startling  to  convince 
the  public  that  the  work  of  the  last  four 
years  has  produced  remarkable  and  prac- 
tical improvements. 

None  but  those  who  have  been  inti- 
mately connected  with  the  manufacture 
of  storage  batteries  can  form  an  adequate 
idea  as  to  the  numerous  difficulties  which 
had  to  be  surmounted  before  a  permanent 
success  was  attained.  The  battery  was 
long  perfect  from  a  theoretical  point  of 
view,  but  it  could  not  stand  the  test  of 
time — time  was  an  essential  factor;  it 
took  many  months  to  test  the  durability 
of  a  set  of  cells,  and  it  was  only  by  close 
observation  and  careful  remedying  of  de- 
fects, one  by  one  as  they  appeared,  that 
the  storage  battery  assumed  its  present 
form — simple  as  they  may  appear  to  the 
uninitiated.  The  cell  before  you  is  one 
of  a  set  of  the  type  specially  designed  for 
tramcar  work.  In  a  lead-lined  strong 
teak  box  are  placed  twenty-one  lead 
plates,  weighing  together  26  lbs.  inclu- 
sive of  connecting  strips  and  terminals. 


Ten  of  these  are  called  positive,  and 
eleven  negative.  Each  plate  is  formed  of 
a  leaden  grid,  the  perforations  of  which 
are  filled  with  a  paste  of  lead  oxide  ;  the 
positive  plates  contain  red  lead,  which,  in 
charging,  is  converted  into  peroxide ;  the 
negative  grids  are  filled  with  a  paste  of 
litharge,  which,  in  charging,  is  reduced 
to  spongy  lead  capable  of  absorbing  hy- 
drogen. We  store,  therefore,  not  electri- 
city, but  oxygen  and  hydrogen,  which 
gases,  when  the  battery  is  discharging, 
manifest  themselves  externally  in  the 
form  of  electrical  energy.  The  box  is 
filled  with  sulphuric  acid  and  water  of  a 
specific  gravity  of  about  1150°;  then  a  lid 
is  put  on,  sealed  all  round  the  edges  to 
prevent  any  spilling  of  the  acid.  This 
acid  is  never  removed  so  long  as  the  bat- 
tery lasts.  There  is  no  reduction  of  lead 
or  any  material  going  on  within  the  cell, 
and  the  battery  would  last  for  ever,  but 
for  the  fact  that  the  lead  grid  of  the  pos- 
itive plates  becomes  so  brittle  through 
oxidations  that  it  crumbles  to  pieces  in 
course  of  time ;  then,  these  positive  plates 
have  to  be  replaced  periodically  by  new 
ones  ;  but  the  old  lead  is  valuable.  The 
life  of  a  positive  plate  depends  entirely 
upon  the  amount  of  work  it  has  done. 
The  plates  in  the  box  before  you  have 
been  at  work  since  September  last,  and 
are  still  in  excellent  condition — we  should 
say  they  are  still  as  good  as  new.  They 
have  frequently  been  discharged  at  the 
rate  of  100  amperes,  whilst  the  average 
working  current  is  46  amperes,  they  are 
always  charged  at  the  rate  of  32  amperes, 
and  their  storage  capacity  is  150  ampere- 
hours.  Sixty  such  cells  will  weigh  1J 
ton,  and  propel  a  car  with  forty-six 
passengers  for  about  two  hours  over  a 
road  with  ordinary  gradients,  curves,  and 
sixty  stoppages  per  hour. 

The  diagram  (which  was  exhibited  by 
the  lecturer)  represents  such  a  car,  which 
has  been  running  at  Millwall  and  at  Bat- 
tersea.  The  accumulators  are  placed  on 
trays  under  the  seats  out  of  sight.  These 
trays  can  be  drawn  out  through  doors  at 
one  end  of  the  car,  and  replaced  in  a  few 
minutes.  A  trolly  containing  a  fresh  set 
on  trays  and  rollers  is  drawn  up  to  the 
end  of  the  car.  The  discharged  cells  are 
pulled  out  all  together  by  means  of  a 
small  winch,  and  the  newly- charged  cells 
pushed  in,  when  the  car  is  at  once  ready 
to   proceed   on  its  journey.     There  are 
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three  sets  of  accumulators  to  each  car, 
two  sets  being  charged,  while  one  set  is 
propelling  the  vehicle,  thereby  saving 
time  and  preventing  delay. 

THE    ELECTRO-MOTOR. 

This  machine  has  to  convert  the  elec- 
tric current  into  mechanical  power.  For 
tramcar  propulsion  it  is  absolutely  neces- 
sary that  the  motor  should  have  a  high 
efficiency,  and,  at  the  same  time,  be  of 
small  dimensions  and  of  light  weight.  To 
combine  these  requirements  has  been  the 
aim  of  the  author,  and  he  has,  at  length, 
produced  a  machine  which  has  had  some 
rough  tests  in  actual  service  under  the 
most  trying  circumstances  and  conditions. 
There  are  two  motors  driving  the  car, 
each  capable  of  working  up  to  nearly  9 
horse-power  and  weighing  420  lbs.  Each 
motor  is  supported  independently  upon 
a  small  bogie  ;  the  whole  mechanism  is 
self-contained;  and  each  separate  bogie 
forms  a  small  locomotive  engine,  upon 
which  the  car  rests.  One  axle  of  each 
bogie  is  a  driving-axle.  Thus  we  obtain 
four  small  driving-wheels,  which  give  the 
requisite  grip  upon  the  rails.  Either 
bogie  can  be  detached  from  the  car  in 
less  than  one  hour,  so  that  in  case  of  re- 
pair and  inspection  the  motor  can  be 
taken  out  and  replaced  without  letting 
the  car  stand  idle  for  any  length  of  time. 
The  speed  of  the  motors  is  high,  about 
1,000  revolutions,  when  the  car  is  running 
at  seven  miles  an  hour ;  thus  it  is  neces- 
sary to  introduce  some  mechanical  reduc- 
ing gear  between  the  motor- shaft  and  the 
driving-axle. 

THE    GEARING. 

The  gearing  so  employed  consists  of  a 
worm  on  each  motor-shaft  and  worm- 
wheels  on  the  driving-axle  giving  a  ratio 
of  about  1.12.  This  worm-gearing  is 
boxed  in,  as  likewise  is  the  motor,  and 
the  wheels  run  in  oil,  dirt  is  thereby  ex- 
cluded, and  the  lubrication  kept  perfect. 
Easy  access  is  obtained  to  motors  and 
lubricators  through  doors  in  the  floor  of 
the  car. 

VARIATION    OF   SPEED    AND    POWER. 

This  is  obtained  by  means  of  a  com- 
pound switch,  which  arranges  the  motor- 
circuits  so  that  the  machines  shall  work 
in  series,  in  parallel  or  singly ;  thus  the 
resistance  of  the  circuit  being  varied,  the 
power  and  the  speed  vary  accordingly. 


When  a  greater  range  of  speed  is  desira- 
ble, the  motor- circuits  are  still  further 
divided  by  arranging  the  field  magnet 
wires  apart  from  the  armatures.  This 
obviates  cumbersome  gearing,  which 
would  add  to  the  weight  and  the  expense 
also — increase  first  cost  and  maintenance 
as  well.  The  driver  has  full  command 
over  the  motive  power ;  one  handle  suf- 
ficing for  all  the  operations  of  starting, 
stopping,  and  varying  the  speed  or  pow- 
er. There  is  no  useless  electrical  resist- 
ance, and,  therefore,  no  waste  of  energy, 
whatever  speed  the  car  may  be  traveling 
at.  The  car  is  provided  with  these  de- 
tails at  both  ends,  so  that  the  driver  has 
only  to  remove  the  handles  and  two  con- 
nections when  arriving  at  the  journey's 
end,  and  then  proceeds.  It  would  be  an 
easy  matter  to  vary  the  speed  by  decreas- 
ing or  increasing  the  number  of  cells, 
thereby  varying  the  electromotive  force ; 
this  method,  however,  is  injurious  to  the 
accumulators,  because  some  of  the  cells 
would  be  discharged  sooner  than  the 
others,  and  when  they  are  all  re-charged 
in  series,  some  would  have  to  be  very 
much  overcharged  before  the  rest  could 
receive  their  proper  share.  There  would 
be  not  only  a  waste  of  power  occasionally 
by  the  evolution  of  gases  for  no  purpose, 
but  the  life  of  the  cells  and  their  efficiency 
is  reduced  by  this  irregular  treatment. 

THE    BRAKE    POWER. 

At  each  platform  there  is  the  usual 
vertical  shaft  and  brake-handle.  A  chain 
is  wound  upon  this  shaft  when  the  handle 
is  turned,  and  eight  brake  blocks  are 
simultaneously  pressed  against  the  corre- 
sponding number  of  wheels.  The  car  can 
be  stopped  almost  instantaneously;  but 
beside  this  there  is  an  electrical  brake,  so 
that  the  motors  act  as  dynamos  driven 
by  the  momentum  of  the  car  or  by  the 
car  running  down  an  incline  ;  the  whole 
power  stored  up  in  the  momentum  of  the 
car  is  converted  into  electricity  and  the 
current  generated  is  utilized  in  magnetiz- 
ing the  brake-blocks,  thereby  increasing 
their  grip  upon  the  wheel  tires.  Arrange- 
ments are  being  made  to  render  this  elec- 
tric brake  automatic,  so  that  the  main  cir- 
I  cuit  will  be  broken  and  the  brake-circuit 
1  with  the  motors  closed  automatically  when 
the  speed  of  the  car  attains  a  certain 
I  maximum. 


384 


VAN  nostrand's  engineering  magazine. 


COST    OF  MOTIVE    POWER. 

It  has  been  mentioned  that  the  capacity 
of  the  tramcar  cells  is  150  ampere-hours. 
We  do  not  exhaust  them  entirely,  but 
leave  a  margin  of  at  least  20  per  cent,  in 
the  cells.  A  charge  of  120  ampere-hours 
is  sufficient  to  propel  the  car  full  of  pas- 
sengers for  two  hours  or  about  12  miles 
over  an  average  road  with  frequent  stop- 
pages. When  charging  sixty  cells  at  the 
rate  of  32  amperes  for  four  hours,  and 
replacing  the  accumulators  in  the  car 
every  two  hours,  we  require  steam  power 
to  the  amount  of  about  15  indicated 
horse-power  per  car.  Assuming  that  the 
car  has  to  run  72  miles  a  day,  and  that 
we  are  supplying  several  cars  at  the  same 
time  from  one  engine,  the  fuel  consumed 
need  not  exceed  4  lbs.  per  indicated 
horse-power  per  hour.  The  charging 
takes  place  during  12  hours  of  the  day 
only.  Thus  7  cwt.  of  coal  per  car  per 
day  will  give  a  consumption  of  about  10 
lbs.  of  coal  per  mile.  Reckoning  the  price 
of  coal  at  18s.  per  ton,  the  fuel  per  car- 
mile  would  cost  less  than  one  penny  !  By 
working  longer  hours,  we  could  do  with 
smaller  engines,  but,  of  course,  with  the 
same  consumption  of  coal  per  car-mile. 
The  most  economical  steam  tramway 
locomotives  burn  from  9  to  11  lbs.  of  coal 
per  mile,  or  about  the  same  as  quoted 
for  the  electric  car.  There  are  two  rea- 
sons for  this  consumption.  Firstly,  the 
steam  locomotive  weighs  four  times  as 
much  as  the  accumulators  and  electric 
motor  and  driving  gear — therefore,  it  re- 
quires greater  power  for  its  own  propul- 
sion ;  secondly,  a  tramway  locomotive 
boiler  and  engine  cannot  be  expected  to 
compete  with  a  large  stationary  engine 
as  regards  economy.  The  loss  thus  aris- 
ing from  the  conversion  of  steam  power 
into  electricity,  and  the  reconversion  of 
electricity  into  mechanical  power  is  more 
than  compensated  by  corresponding  ad- 
vantages. There  are  instances  where 
water  power  is  available  within  a  reason- 
able distance  from  the  tramway  depot,  in 
which  cases  the  additional  economy  will 
be  manifest. 

PRIME  COST,  MAINTENANCE  AND  DEPRECI- 
ATION. 

The  steam  engines,  boilers,  dynamos, 
and  shafting,  and  all  needful  apparatus 
for  a  charging  station  to  supply  a  dozen 
electric  cars,  including  spare  power,  will 


cost  £4,000,  and  the  complete  equipment 
of  twelve  two -horse  cars,  inclusive  of 
ample  spare  gearing,  may  be  estimated  at 
£6,000.  The  superintendence  of  ma- 
chinery at  the  charging  station  will  cost 
£1,100  per  annum  ;  fuel  at  18s.  per  ton, 
water,  oil,  and  waste,  £1,400 ;  deprecia- 
tion, at  10  per  cent.,  on  engines,  boilers, 
and  dynamos,  £400;  and  an  estimated 
depreciation  of  35  per  cent,  on  the  whole 
propelling  apparatus.  This  gives  a  total 
expenditure  of  £5,000  per  annum,  which 
is  equivalent  to  3.5d.  per  car  per  mile 
run.  You  will  observe  that  these  figures 
are  thoroughly  reasonable  and  allow  of  a 
good  margin.  We  should  have  almost 
to  annihilate  the  whole  concern  at  the 
end  of  a  year  in  order  to  bring  the  work- 
ing costs  to  such  an  amount  as  is  now 
allowed  by  some  tramway  companies  for 
horsing  ! 

SUMMARY. 

I  have  pointed  out  the  chief  but  yet 
only  a  few  of  the  advantages  of  this 
system  over  horse  traction,  and  I  will  in 
a  few  words  enumerate  them : 

(1)  Economy  in  cost  of  running,  which 
is  estimated  at  about  3£d.  per  mile,  in- 
cluding depreciation. 

(2)  The  appearance  is  that  of  the  cars 
now  in  general  use,  and  these  latter  can 
be  readily  converted. 

(3)  The  wearing  parts  of  the  mechan- 
ism which  drives  the  wheels  are  few  in 
number. 

(4)  The  total  weight  of  the  motive 
power  mechanism  is  less  than  two  tons 
distributed  over  two  small  bogies,  where- 
by the  load  per  unit  of  rail  section  is  ren- 
dered even  less  than  in  the  case  of  horse 
cars. 

(5)  The  propelling  apparatus  is  invisible 
to  the  passengers,  noiseless,  clean,  and 
perfectly  safe. 

(6)  One  man  (not  necessarily  skilled) 
is  sufficient  to  drive  an  electric  car. 

(7)  The  car  may  be  illuminated  at 
night  by  the  electric  current  sufficiently 
to  enable  the  passengers  to  read  with 
comfort,  while  effecting  a  saving  over  oil 
lamps  in  cost  and  avoiding  their  dirti- 
ness. The  power  required  is  so  small 
that  the  cost  may  be  neglected ;  the  20 
candle-power  lamps  used  consuming  only 
three  ampere-hours  out  of  the  total  of 
about  150  ampere-hours  given  by  the. 
cells. 
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(8)  The  maintenance  of  the  permanent 
way  (including  paving)  is  less  than  with 
horse  cars,  where  the  hoofs  are  continu- 
ously striking  in  the  same  tracks.  Exist- 
ing rails  will  serve  for  the  electric  car  of 
this  system,  and  no  additional  rail  or 
tube  or  breaking  up  of  the  road  is  neces- 
sary, preliminary  to  its  adoption. 

(9)  The  space  required  for  a  charging 
station  is  much  less  than  that  necessary 
for  stables  for  a  corresponding  number 
of  horses. 

(10)  The  same  plant  which  charges  the 
storage  batteries  may  be  utilized  for 
lighting  the  depot  and  other  neighboring 
buildings  by  running  extra  hours  at 
trifling  further  cost,  thus  yielding  addi- 
tional revenue. 

DISCUSSION. 

George    Forbes,   F.R.S.E., 


Professor 

gave  a  short  and  concise  account  of  the 
electric   railways   laid   down   in   various 
parts  of  the  world  within  the  last  few 
years,  and  he  considered  the  methods  of 
conveying  the  electricity  through  rails  or 
other  conductors  clumsy  and  unsatisfac- 
tory.    In  Mr.  Reckenzaun's  tramcars  they 
had  no  stationary  engine  connected  with 
it  by  a  conductor,  and  this  he  considered, 
other  things  being  equal,  a  very  great  ad- 
vantage.   After  the  experiments  made  by 
M.  Philippart    with    tramcars  propelled 
by  a  Faure  battery,  he  was  glad  to  hear 
Mr.  Reckenzaun  say  that  storage  batter- 
ies had  at  last  been  made  commercially 
useful  and  practical.      He  now  believed 
the    difficulties   which   had   encountered 
secondary-battery  makers  in  the  past  had 
been  surmounted,  and  that  the  method 
of  constructing  them  had  been  so  enor- 
mously improved,  that  those  who  used 
them  were  now  masters  of  the  situation 
instead  of  vice  versa,  Pointing  to  the  bat- 
tery exhibited  on  the  table,  the  speaker  said 
every  one  was  struck  with  its  light  weight, 
which  was  brought  about   by  its  being 
made  of  thin  plates,  thus  giving  a  large 
surface  and  a  greater  current  than  had 
ever  be  found  before  in  a  secondary  bat- 
tery.     This   he   considered   one    of   the 
chief  things  they  had  to  be  thankful  for, 
because  this  bringing  within  a  small  com- 
pass  sufficient  power   to  last  for  a  few 


in  this  paper  that  this  overcharging  is 
detrimental  to  their  working.  The  meth- 
od of  varying  the  speed  and  power  de- 
vised by  Mr.  Reckenzaun  is  extremely 
ingenious  and  simple,  avoiding  the  dis- 
advantages of  mechanical  arrangements 
which  would  necessarily  arise  with  nu- 
merous wheels,  chains,  or  the  like.  As 
to  the  efficiency  of  electrically-propelled 
cars  as  compared  with  other  means  of 
locomotion,  he  thought  that,  although 
steam  had  made  great  progress  of  late 
years  in  the  propulsion  of  tramcars,  it 
still  had  very  serious  drawbacks,  among 
which  were  that  a  small  portable  loco- 
motive was  far  less  economical  than  a 
stationary  engine,  especially  as  for  the 
former  they  had  to  use  a  superior  quality 
of  fuel.  Comparing  the  ScotVMoncriefT 
compressed-air  car  with  the  one  then 
under  discussion,  Professor  Forbes  re- 
marked that  it  seemed  to  him  that  the 
arguments  which  applied  to  one  applied 
to  the  other,  and  also  pointed  out  that  in 
Mr.  Reckenzaun's  car  they  saw  for  the 
first  time  the  application  of  a  worm-wheel 
to  reduce  the  speed  of  the  motor.  In 
conclusion,  he  said  it  was  satisfactory  to 
hear  that  Mr.  Reckenzaun  was  using  elec- 
tricity itself  as  a  brake  upon  his  car,  be- 
cause he  thought  that  where  electricity 
was  applied  as  a  motive  power  it  ought 
also  to  be  used  as  a  brake  power. 

Mr.  Traill  (Giant's  Causeway  Electric 
Tramway)  said  that  electric-tramway  en- 
gineers had  a  great  battle  to  fight.  They 
did  not  want  to  replace  steam,  but  to  aid 
railways  and,  at  the  same  time,  the  out- 
side public.  He  thought  that  through 
electricity  underground  railways  would 
become  things  of  the  past.  There  was 
also  the  system  of  overhead  tramways, 
such  as  was  used  in  America,  and  which 
the  electric  motive  power  was  essentially 
fitted  for,  as  it  did  away  with  the  noise 
and  dirt.  There  were  four  systems  of 
utilizing  the  electric  energy,  and  there 
was  no  doubt  that  the  system  carrying 
its  own  motive  power,  self-contained  in 
its  own  car,  had  very  great  advantages 
indeed  over  any  other  system.  The  dif- 
ferent systems  were  those  which  had 
overhead  conductors,    those   which   had 


hours  had  been  their  stumbling  block  in  ■  side  conductors,  those  which  had  under- 
the  past.     He  had  been  informed  that  it   ground  conductors,  and   the    system   of 


was  impossible  to  overcharge  their  bat- 
teries and  that  this  could    be  done  for 
months  and  months,  but  it  is  mentioned 
Vol.  XXXIII.— No.  5—27 


accumulators.  The  overhead  conductor 
was  suited  to  very  few  places  ;  then  there 
was  the  side  conductor,  which  they  had 
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adopted  on  the  Giant's  Causeway  Tram- 
ways. This  system  was  very  economical, 
and  had  many  advantages,  but  after  all 
was  only  applicable  in  very  few  places. 
There  was  the  underground  conductor 
which  could  be  adapted  to  street  tram- 
ways. The  fourth  system,  viz.,  that  of 
accumulators,  had  many  advantages  ;  in- 
deed, it  could  be  used  on  any  line  now 
worked  by  horses  or  steam.  After  re- 
peated failures  at  the  Giant's  Causeway, 
they  had  at  last  hit  upon  a  thoroughly 
reliable  plan  for  getting  the  electricity 
from  the  conductor.  This  was  by  means 
of  a  steel  spring  in  the  form  of  a  carriage 
spring,  two  concave  steel  springs  fast- 
ened at  the  top  and  rubbing  along  the 
bottom. 

Professor  Forbes :  "  How  long  do  they 
last  ?  " 

Mr.  Traill  replied  that  they  had  some 
running  for  nearly  a  year,  and,  when  new, 
they  only  cost  5s.  6d.  He  was  very  much 
pleased  with  the  system  of  Mr.  Recken- 
zaun,  and,  having  no  doubt  that  it  would 
come  into  very  large  use,  he  wished  it 
every  success. 

Mr.  Bernard  Drake  was  of  opinion  that 
electric  cars  would  have  to  be  made 
smaller  than  those  which  had  up  to  now 
been  constructed  in  accordance  with  Mr. 
Reckenzaun's  designs.  He  pointed  out 
that  not  only  would  the  smaller  cars  be 
more  tractable  in  case  of  accident,  but 
also  that  the  question  of  stopping  the 
car  would  not  be  so  serious,  as  it  stood 
to  reason  that  if  there  were  forty-six  pas- 
sengers on  a  car  instead  of  twenty-three, 
the  driver  would  be  compelled  to  stop 
double  the  number  of  times  in  a  given 
distance,  and  that  the  question  of  start- 
ing such  a  big  car  as  now  used  was  a 
severe  strain.  He  considered  that  the 
arrangement  adopted  by  Mr.  Reckenzaun, 
of  coupling  the  motors  in  series  or  par- 
allel, or  running  a  single  motor,  was  both 
ingenious  and  practical ;  but  as  regards 
the  overcharging  of  the  extra  cells,  he 
thought  that  the  question  was  more  one 
of  carrying  the  deadweights  of  these  ex- 
tra cells,  which  Mr.  Reckenzaun  had  so 
ably  explained  was  of  the  greatest  im- 
portance in  ascending  gradients  than  the 
mere  destruction  of  the  cells  themselves. 
It  was,  of  course,  wasteful  to  expend 
your  power  in  the  evolution  of  gas  after 
the  cells  were  full,  and  would  tend  some- 
what to  soften  the  peroxide  which  might, 


therefore,  be  more  liable  to  drop  out 
when  jolted  by  the  car.  He  maintained, 
however,  that  the  overcharging  was  not 
nearly  as  detrimental  as  was  generally 
supposed.  Mr.  Drake  drew  attention  to 
the  large  output  per  pound  of  lead  ob- 
tained from  the  tramcar  pattern  of  cell, 
and  the  general  practical  nature  of  the 
supporting  of  the  plates  and  connectionsy 
and  stated  that,  as  managing  engineer  of 
the  Storage  Company,  he  felt  certain  that 
the  company  was  greatly  indebted  to  Mr. 
Reckenzaun  for  the  developing  of  the 
cells  in  connection  with  this  class  of 
work,  inasmuch  as  numerous  questions 
of  detail  had  been  found  out  by  him,  and 
I  that  by  these  experiments  a  most  valuable 
advance  had  been  made  in  this  class  of 
accumulator.  Referring  to  air  cars,  he 
thought  there  were  very  decided  advan- 
tages in  favor  of  the  electric  car,  not  only 
in  weight,  but  also  from  the  fact  that  the 
pressure  of  air  began  to  fall  from  the  mo- 
ment the  car  came  into  use,  for  which 
mechanical  arrangements  had  to  be  pro- 
vided, and  also  the  freezing  caused  by 
the  expansion  of  air  had  to  be  faced, 
whereas  in  the  electric  car  the  E.M.F.  is 
practically  constant  throughout  the  run, 
also  the  electric  car  would  hold  its  charge 
for  weeks  together,  whereas  the  air  car 
charge  would  entirely  leak  away  in  a 
night. 

Mr.  Traill  rose  again  and  stated  that 
his  cars  in  Ireland  have  successfully  trav- 
eled over  30,000  miles  with  100,000  pas- 
sengers, and  that  the  electricity  gener- 
ated by  water-power  a  mile  distant  costs 
one  quarter  of  steam  used  on  the  same 
tramway.  The  commutator  of  the  dy- 
namo made  twenty-two  million  revolu- 
tions before  it  required  repairing. 

Mr.  Shoolbred,  M.I.C.E.,  said  that  he 
had  seen  Mr.  Reckenzaun's  car  running 
on  a  difficult  piece  of  line  at  Battersea, 
and  he  was  struck  with  the  simplicity  of 
the  system  and  the  completeness  of  de- 
sign in  every  detail.  He  thought  that 
Mr.  Reckenzaun's  plan  of  varying  the 
power  and  speed  was  just  as  applicable 
to  a  tramway  having  the  current  supplied 
through  conductors  as  it  is  with  accumu- 
lators. 

Admiral  Selwyn,  in  the  course  of  some 
general  remarks,  said  he  hoped  the  In- 
ventions Exhibition  would  help  the  in- 
ventor to  take  his  proper  place  in  the 
country  instead  of  being  absorbed  by  the 
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manufacturers,  which  was,  after  all,  only- 
one  result  of  a  defective  patent  law. 

Mr.  Waugh  having  spoken  in  encour- 
aging terms  of  the  prospects  of  electrical 
engineering,  the  chairman  called  upon 
Mr.  Reckenzaun  to  reply. 

Mr.  EeckenzauD,  in  reply,  testified  to 
the  great  pleasure  and  instruction  he  had 
derived  from  the  observations  of  Pro- 
fessor Forbes,  Mr.  Traill,  and  the  other 
speakers,  and  that  he  felt  highly  encour- 
aged by  the  remarks  of  such  authorities. 
He  pointed  out  that  the  comparisons 
made  by  Professor  Forbes  between  com- 
pressed-air cars  and  electric  cars  do  not 
hold  good  in  all  points,  although  there  is 
a  great  similarity  in  principle.  Com- 
pressed-air cars  are  much  heavier,  the 
weight  of  the  air  reservoirs  under  the  car 
and  its  engine  cannot  be  less  than  four 
or  five  tons  if  made  to  run  eight  or  nine 
miles  with  a  pressure  of  500  lbs.  to  the 
square  inch ;  the  accumulators,  motors, 
and  gearing  in  the  electric  car  weigh  un- 
der two  tons  in  order  to  propel  the 
vehicle  with  forty-six  passengers  over  a 
distance  of  twelve  to  fourteen  miles,  and 
the  time  occupied  in  changing  the  cells 
at  the  end  of  the  journey  need  not  occupy 
more  than  three  minutes.     The  moving 


parts  in  the  mechanism  of  the  air  car,  like 
those  of  the  steam  car,  are  at  least  five 
times  in  number  as  compared  with  the 
parts  on  the  electric  car,  and  this  must 
be  taken  as  a  very  great  advantage. 
Moreover,  the  efficiency  of  the  compressed 
air  engine  is  lower  than  that  of  the  accu- 
mulator and  electric  motor.  Mr.  Drake 
has  very  justly  said  that  whilst  the  press- 
ure in  the  air  car  is  gradually  falling,  the 
current  of  the  electric  battery  is  constant 
throughout,  but  as  regards  Mr.  Drake's 
opinion  that  small  cars  may  be  more  effi- 
cient than  large  ones,  Mr.  Reckenzaun 
remarked  that  a  car  capable  of  carrying- 
only  twenty-three  passengers  will  weigh 
much  more  than  half  the  weight  of  a  46- 
passenger  car,  and  that  if  the  traffic  is 
sufficiently  large,  the  bigger  cars  may  be 
more  economical.  As  regards  the  over- 
charging of  the  batteries,  if  some  cells 
were  used  more  than  others  of  the  same 
series,  which  would  occur  were  the 
speed  and  power  regulated  by  the  num- 
ber of  cells,  more  stress  should  have  been 
put  in  the  text  of  the  paper  upon  the  fact 
that  the  energy  wasted  is  more  serious 
than  the  fact  of  sooner  oxidizing  the  lead 
plates.  Still,  the  object  of  the  present 
system  of  regulation  removes  both  these 
drawbacks. 
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III. 


Professor  H.  Hennessy  observed  that 
the  utility  of  a  complete  international 
system  of  weights  and  measures,  based 
on  the  existing  international  system  of 
counting  and  calculation,  seemed  to  be 
clearly  established,  and  the  author  of  the 
paper  had  shown  that  no  profession 
would  profit  more  by  such  a  system  than 
the  profession  of  civil  engineering.  If 
the  whole  question  were  open  to  revision, 
pi  obably  a  decimal  metric  system,  founded 
upon  a  standard  of  length  common  to  all 
nations,  such  as  a  fraction  of  the  earth's 
polar  axis,  would  be  most  acceptable. 
This   had   been  proposed   by  Professor 


Hennessy  long  since,  and  a  complete  se- 
ries of  measures  and  weights  derived 
from  it  had  been  exhibited  at  South  Ken- 
sington in  1876.  It  fulfilled  all  require- 
ments of  a  complete  system,  and  on  ac- 
count of  the  close  approach  of  one  of  its 
fractions  to  the  existing  British  inch,* 
it  was  strongly  supported  by  some  emi- 
nent persons,  but  when  he  reflected  on 
the  fact  that  the  majority  of  the  civilized 
part  of  mankind  had  already  adopted  the 
French  metrical  system,  and  that  every 
day  this  system  was  becoming  more  fa- 

*  The  polar  inch  differed  from  the  British  inch  by 
the  thousandth  part  less.— H.  H. 
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miliar  to  British  students  of  engineering 
through  their  observation  of  foreign 
works,  or  perusal  of  foreign  scientific  and 
technical  publications,  he  could  not  hesi- 
tate to  express  his  concurrence  in  the 
views  of  those  who  advocated  its  adop- 
tion for  all  nations.  Some  inconveni- 
ences would  have  to  be  endured  for  a 
short  time  before  workmen  and  calcula- 
tors were  familiar  with  the  new  system, 
but  these  inconveniences  had  been  cheer- 
fully encountered  by  great  nations  al- 
already,  and  their  experience  might  be 
fairly  appealed  to  in  answer  to  this  diffi- 
culty. Men  of  science  and  engineers, 
whose  minds  were  accustomed  to  accu- 
rate estimates  of  number  and  magnitude, 
would,  in  general,  have  no  difficulty  in 
employing  more  than  one  system.  Thus, 
while  he  had  found  it  advantageous  to 
use  the  decimal  metrical  system  in  ap- 
plied mechanics,  thermodynamics,  and 
mathematical  physics,  he  had  been  often 
obliged  also  to  employ  the  British  system, 
on  account  of  its  use  in  ordinary  appli- 
cations. But  this  very  circumstance  had 
only  made  the  superiority  of  the  metrical 
system  more  distinctly  felt,  and  made 
him  more  than  ever  desire  that  it  alone 
should  be  employed  throughout  the 
world. 

Mr.  C.  L.  Hett  remarked  that  in  1870 
the  Butterley  Company  obtained  the  con- 
tract for  the  Dordrecht  Railway  Bridge, 
and  he  had  prepared  the  drawings  for 
the  steam  cranes,  scaffolding,  &c,  re- 
quired in  its  erection.  As  the  piling  and 
superstructure  of  the  staging  had  to  be 
erected  by  a  Continental  contractor,  the 
drawings  were  made  to  metric  measures. 
Drawing-scales  were  ordered  with  the 
most  generally  used  English  graduations 
on  one  edge,  and  corresponding  metric 
divisions  on  the  other.  By  the  use  of 
these  scales  all  difficulty  was  overcome, 
and  rapid  progress  made.  The  drawings 
of  the  bridge  itself  were  prepared  in 
Holland,  under  the  supervision  of  the 
Dutch  Government  engineers,  and  were 
dimensioned  in  metric  figures  through- 
out. But  in  the  works  there  was  an 
outcry.  The  men  at  first  said  they  could 
not  and  would  not  work  to  such  outland- 
ish dimensions.  The  purchase  of  a  few 
metric  rules,  however,  settled  the  diffi- 
culty, and,  after  a  fortnight's  practice, 
one  of  the  old  hands  who  had  been  most 
opposed  to  them,  ^admitted  that  the  met- 


ric measures  were  much  the  easiest  to 
use,  especially  where  an  even  pitch  could 
not  be  employed,  but  a  given  number  of 
equidistant  rivets  had  to  occupy  a  cer- 
tain space,  the  pitch  being  an  odd  dimen- 
sion. It  should  be  mentioned  that  no 
member  of  the  Butterley  staff  nor  any  of 
the  workmen  had  had  any  previous  expe- 
rience of  metric  measures.  The  absurd- 
ity of  the  present  system  of  measure- 
ment was  well  exemplified  in  the  case  of 
railway  bridges  and  of  drainage  pumping 
works.  In  each  case  a  plan  of  the  site 
was  supplied  drawn  to  a  scale  of  chains 
and  links,  the  heights  being  given  in  feet 
and  decimals  of  a  foot,  while  the  draw- 
ings for  the  ironwork  were  made  in  feet 
and  inches.  The  standing  arguments 
used  against  the  metric  measures  were 
the  Whitworth  screw-threads,  the  1-ioch 
and  6-inch  ordnance  maps,  and  the  loss 
that  would  accrue  from  the  depreciation 
of  patterns  and  templates.  The  former 
difficulty  was  not  felt  abroad  when  the 
metric  system  was  established,  any  more 
than  inconvenience  was  experienced  at 
home  from  the  odd  diameters  of  the 
standard  gas-threads.  The  second  ob- 
jection could  be  removed  by  engraving 
metric  scales  on  the  plates  from  which 
the  maps  were  printed.  At  present, 
owing  to  the  variable  contraction  of  the 
paper,  accurate  measurements  could  only 
be  taken  with  the  scale  printed  on  the 
maps.  Even  now  the  ordnance  maps  on 
the  larger  scales  were  made  without  re- 
gard to  the  time-honored  yard  and  inch, 
being  plotted  to  scales  of  -g-gVo"?  xor>  &c-> 
of  the  actual  size.  On  such  maps,  met- 
rical scales  could  be  used  with  great  con- 
venience, but  a  rule  divided  into  inches 
was  valueless.  The  last  objection  ap- 
peared at  first  to  be  a  very  important  one, 
yet  it  was  more  so  in  appearance  than  in 
reality.  A  thoroughly  good  set  of  pat- 
terns or  templates  would  retain  their 
value,  while  obsolete  ones  would  prob- 
ably be  destroyed  rather  sooner  than  if 
there  had  been  no  change  in  the  meas- 
ures. 

With  regard  to  the  British  system,  or 
rather  want  of  system,  of  weights,  little 
need  be  said.  In  trying  to  improve  them, 
matters  had  only  been  made  worse.  The 
cental  of  100  lbs.  originated  with  the 
Liverpool  corn  merchants,  who  after 
using  it  illegally  for  years,  obtained  Gov- 
ernment sanction  for  its  adoption  in  1879. 
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It  was  expected  to  effect  a  reform  in  the 
sale  of  corn,  but  nothing  of  the  kind  had 
occurred.  At  present  a  bill  was  before 
the  House  of  Commons  to  render  the 
use  of  the  cental  compulsory  in  the  corn 
trade  of  England.  The  scheme  of  de- 
cimalization of  the.  coinage  mentioned  by 
the  author,  and  which  had  been  so  fre- 
quently advocated,  might  be  easily  intro- 
duced. The  poor  would  approve  of  it, 
as  they  would  get  12Jd.  for  Is.  ;  but  the 
difficulty  would  be  in  the  temporary  loss 
to  the  revenue  of  4  per  cent,  in  postage 
and  receipt  stamps.  Although  this  sub- 
ject had  been  thoroughly  discussed  years 
ago,  it  was  under  very  different  condi- 
tions to  those  which  now  prevailed.  At 
that  time  there  was  hardly  a  competitor 
with  England  in  the  foreign  trade.  The 
British  were  virtually  in  a  position  to 
dictate  to  countries  employing  the  metric 
system,  and  to  say,  "  There  is  our  ma- 
chinery made  to  our  measurements,  and 
without  the  slightest  consideration  of 
your  convenience."  But  now  it  was  dif- 
ferent ;  there  were  makers  from  countries 
employing  the  metric  system  ready  to 
supply  any  order  for  machinery,  and 
year  by  year  the  excellence  of  their  goods 
would  be  improved  until  their  workman- 
ship was  equal  to  our  own,  and  our  last 
advantage  over  them  would  be  gone.  It 
was  sometimes  urged  that  if  the  United 
States  did  not  adopt  the  metric  system, 
why  should  England?  The  Americans 
were  agitating  for  its  adoption,  and  the 
first  country  to  change  would  have  a 
great/  advantage  in  trading  with  those 
other  nations  who  had  already  adopted 
it.  At  the  same  time  America  did  not 
purchase  machinery  from  the  British,  and 
therefore  their  case  need  not  be  consid- 
ered. Now  that  education  was  compul- 
sory, the  extra  work  involved  on  the  ris- 
ing generation  and  their  instructors  by 
the  clumsy  system  of  English  weights 
and  measures  should  be  carefully  consid- 
ered. As  so  much  was  being  spent  in 
education,  and  cases  of  "over-pressure" 
were  so  frequently  reported,  should  not 
an  effort  be  made  to  abolish  a  system 
which  was  admitted  on  all  hands  to  in- 
volve an  enormous  amount  of  unneces- 
sary labor  ?  The  feeling  that  the  metric 
system  must  sooner  or  later  be  adopted 
was  not  confined  to  engineers  and  sci- 
entific men ;  it  was  shown  by  the  action 
of  the  Leicestershire  Chamber  of  Agricul- 


ture in  1878,  which  opposed  the  legaliza- 
tion of  the  cental  on  the  ground  that  it 
might  impede  the  adoption  of  metric 
weights  and  measures.  Few  persons  at- 
tempted to  defend  the  present  system,  yet 
there  was  a  general  hopelessness  of  any 
change.  Improvement  had  been  advo- 
cated, but  any  alteration  would  involve 
greater  confusion  than  a  total  change, 
while  the  international  character  of  the 
metric  system  would  not  be  attained. 
The  importance  of  the  subject  was  so 
great  that  Government  might  be  expect- 
ed to  aid  the  change  by  adopting  the 
metric  system  throughout  their  depart- 
ments. If  adopted  exclusively  in  the 
customs,  metric  weights  would  immedi- 
ately be  made  the  basis  of  railway 
charges,  much  to  the  relief  of  goods 
clerks  and  accountants.  Wholesale 
houses  would  follow,  and  gradually  the 
system  would  be  accepted  by  the  small 
retailers. 

Mr.  Ferdinand  Hurter,  Ph.  D.,  held 
that  the  only  important  reason  for  a 
change  from  the  English  to  the  metric 
system  was  that  many  nations  had 
adopted  the  latter.  Perfect  internation- 
ality  was,  however,  impossible,  since  Ger- 
many had  not  adopted  the  coinage  of 
other  continental  countries.  The  metric 
system  did  not  save  so  much  time  as 
was  usually  claimed  for  it.  Where  a 
decimal  system  was  obligatory,  the  Eng- 
lish people  used  it.  True,  it  required 
more  time  to  attain  a  knowledge  of  the 
English  system  and  its  special  arithmetic 
at  school ;  but  that  time  was  not  lost,  and 
the  pupil  who  mastered  the  greater  dif- 
ficulties became  the  better  man  in  the 
end.  The  examples  of  saving  of  time 
which  the  author  had  given  were  not 
very  well  chosen.  If  the  French  carpen- 
ter had  a  folding  meter  rule,  he  would 
not  measure  more  quickly  than  the  Eng- 
lish carpenter ;  if  the  rule  were  not  jointed, 
give  the  carpenter  a  five-foot  staff  or  a 
measuring  tape.  The  multiplication 
which  the  author  supposed  the  carpenter 
to  make  was  never  made  to  his  knowl- 
edge. The  carpenter  said  2,  4,  6,  &c,  as 
he  turned  the  rule  over.  He  was  certain 
that  a  man  well  acquainted  with  his  busi- 
ness could  accomplish  as  much  work,  on 
an  average,  by  the  English  system  as  he 
would  by  the  metric  system,  and  in  con- 
sidering so  important  a  question  as  a 
change  from  one  system   to  another,  the 
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difficulties  which  the  system  presented 
to  the  ■uninitiated  must  not  be  left  out  of 
sight.  The  calculation  of  the  weight  of 
water  in  a  tank  could  have  been  much 
shortened  by  abandoning  the  decimals  of 
feet,  and  by  remembering  that  one  ton  of 
water  was  36  cubic  feet  (error  0.2  per 
cent.,  or  5  lbs.  to  the  ton).  One  point 
had  been  overlooked  by  the  author, 
namely,  that  the  one-foot  rule  was  as 
often  used  as  an  instrument  for  subdi- 
viding as  it  was  to  obtain  data  for  a  cal- 
culation. In  this  respect  the  one-foot 
rule,  with  its  binary  and  ternary  subdi- 
visions, was  as  much  superior  to  the 
metric  rule  as  a  circle  divided  into  360° 
was  superior  to  one  divided  into  100c. 
Suppose  it  was  required  to  subdivide  1 
meter,  this  could  be  done  by  means  of 
one  thousand  divisions  in  fifteen  differ- 
ent ways.  Take  the  same  length,  39f 
inches,  and  use  an  English  two-foot  rule, 
divided  into  sixteenths  of  an  inch,  and 
there  were  twenty-three  wa  s  of  subdi- 
viding it  into  equal  parts,  though  the 
eye  had  only  630  divisions  to  examine,  in- 
stead of  one  thousand.  But,  compare 
the  yard  in  this  way  :  it  could  be  divided 
"by  means  of  an  English  rule,  obtainable 
for  3s.,  in  forty-two  different  ways.  It 
was  in  the  workshop  that  the  English 
system  was  superior  to  the  French  ;  and 
the  English  inch  was  the  standard  for 
screw  cutting,  not  only  in  England,  but 
throughout  the  world.  It  must  not  be 
forgotten  that  the  British  public  was  not 
prepared,  nor  preparing,  for  such  a 
change.  Decimal  calculation  was  un- 
known to  the  mass  of  the  people.  Boys 
were  allowed  to  leave  school,  having 
passed  the  fifth  standard,  void  of  all 
knowledge  of  decimal  arithmetic.  Sure- 
ly it  would  be  unfair  to  take  the  masses 
by  surprise  !  But,  if  the  metric  system 
must  be,  let  it  be  the  metric  system  pure 
— the  metric  system  compulsory  ;  not  a 
metric  system  at  the  option  of  any  en- 
gineer. Let  there  be  no  mixture,  partic- 
ularly in  plans  to  be  submitted  to,  and 
discussed  by,  parliamentary  committees. 

Mr.  L.  D'A.  Jackson  observed,  with  re- 
gard to  the  choice  between  British  and 
French  metric  measures,  that  British  en- 
gineers dealt  more  with  persons  of  their 
own  nation,  with  colonial  English,  with 
citizens  of  the  United  States  of  America, 
and  with  semi-civilized  and  barbarous  na- 
tions, than   they  did   with    nations  that 


had  adopted  the  French  metric  measures. 
Hence  British  measures  were  preferable 
for  the  English  engineer.  It  was  also  im- 
portant to  notice  that  Russia  used  Brit- 
ish measures  in  part.  This  first  guide 
to  choice  should  certainly  settle  the  mat- 
ter. Next,  the  British  measures  were  good, 
useful,  suitable,  and  convenient  meas- 
ures, while  the  French  metric  measures 
were  mostly  mere  nominal  units,  among 
which  there  were  only  three  or  four  use- 
ful measures.  Lastly,  there  was  no  ex- 
cuse for  adopting  the  bad  measures  of 
the  French  in  England,  where  a  single, 
though  incongruous  system,  already  ex- 
isted. When  the  French,  the  Italians 
and  the  Germans  adopted  them,  they 
had  booksful  of  various  measures  of  their 
own,  and  their  internal  jealousies  pre- 
vented them  from  selecting  among  the 
best  of  those  well  known.  Moreover, 
the  installation  of  the  meter  was  effected 
by  fine  and  by  imprisonment,  the  leading 
men  having  been  previously  won  over  by 
flattery.  Engineers  found  that  the  Brit- 
ish measures  were  inconvenient  for  pur- 
poses of  calculation.  If,  then,  they 
wished  to  decimalize,  let  them  decimalize 
on  their  own  existing  units,  thus  keep- 
ing themselves  in  accord  generally  with 
the  measures  of  their  own  nation.  The 
selection  of  British  units  for  decimaliza- 
tion should  be  left  to  committees  of  ex- 
perts. In  the  interim,  engineers  should 
be  allowed,  by  Act  of  Parliament,  or  by 
Order  in  Council,  to  decimalize  without 
restraint  on  any  or  all  of  the  existing 
British  measures,  with  the  sole  restric- 
tion of  adherence  to  some  one  unit  and 
its  decimal  multiples,  and  sub -multiples, 
in  each  class  of  measure.  The  difficulties 
would  be  few,  as  any  one  complete  deci- 
mal system  was  easily  comparable  with 
any  other  complete  decimal  system  within 
the  separate  classes  of  length,  surface, 
cubic  and  weight  units. 

Professor  Fleeming  Jenkin  said  he 
should  like  to  record  his  opinion  that  if 
any  change  were  made  by  engineers  in 
their  standards  of  measurement,  they 
should  adopt  the  C.  G.  S.  system,  as  it 
is  called,  with  absolute  derived  units  for 
force,  &c.  This  change  must,  in  his 
opinion,  be  made  sooner  or  later,  whether 
engineers  liked  it  or  not ;  and  any  half 
measure,  such  as  taking  a  kilogram  as  a 
unit  of  force,  or  a  kilogrammeter  as  a 
unit  of  work,  would  only  entail  addition- 
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al  inconvenience ;  but  dynes  and  ergs 
had  a  clear  practical  advantage  to  recom- 
mend them.  The  C.  G.  S.  system  (centi- 
meter, gramme,  second)  had  been  already 
sanctioned  as  regarded  electrical  meas- 
urements by  the  International  Conference 
of  1883  and  1881,  held  in  Paris  under 
the  presidency  of  M.  Cochery.  This 
was  the  thin  edge  of  the  wedge,  and 
since  the  wedge  was  a  good  strong  one, 
and  the  motive  for  driving  it  home  was  of 
overwhelming  importance  to  physicists, 
driven  home  it  would  be.  Those  who 
wished  to  know  what  the  C.  G.  S.  system 
was  might  consult  Everett  on  "  Units 
and  Physical  Constants."  If  this  sys- 
tem had  been  in  practical  use,  the  labor 
of  prepariDg,  for  instance,  his  lecture  on 
Gas  Engines  would  have  been  halved,  at 
least. 

Mr.  S.  W.  Johnson  remarked  that  for 
the  last  twelve  years  the  decimal  system 
of  measurement  on  the  Midland  Railway, 
referred  t )  by  Mr.  Fernie  in  1863,*  had 
been  employed  only  for  the  tire  boring, 
for  contraction,  and  for  the  purpose  of 
measuring  test  bars,  while  Whitworth's 
templates  and  gauges  were  in  use  for  all 
other  workshop  details. 

Mr.  T.  J.  Nicholls  observed  that  the 
incongruities  and  anomalies  which  were 
of  daily  experience  under  the  accepted 
methods  of  weighing,  measuring,  and 
valuing,  might  be  illustrated  by  reference 
to  "Portland  Cement."  The  evil  was 
first  apparent  in  the  specification,  drawn 
more  or  less  in  the  following  general 
terms :  "  The  cement  shall  .  .  .  and 
weigh   .    .    .    pounds  per  bushel  (striked); 

.  .  .  per  cent,  must  be  retained  on 
a  sieve  of  .  .  .  meshes  per  square 
inch  ;  and  bricks  of  the  neat  cement  must 
be  equal  to  a  strain  of     .  pounds 

per  square  inch.  The  tests  will  be  ap- 
plied to     .     .     .     bricks  in    each  lot    of 

.  .  .  tons,"  &c.  But  this  did  not 
exhaust  the  weights  and  measures  con- 
nected with  cement.  It  was  sold  "  by  " 
the  ton  (never  by  the  bushel),  and  "in" 
either  bags  or  casks  of  indefinite,  vary- 
ing bulk  and  weight.  It  was  commonly 
used  by  the  cubic  yard  (concrete),  or 
square  yard  (plastering,  flooring,  &c). 
The  annexed  table  presented  a  transac- 
tion in  Portland  cement,  in  terms  which 


*  Minutes  of  Proceedings  Inst.  C.  E.,  vol.   xxii.,  p. 
606. 


were   hardly  credible  as   being  those  of 
actual  experience  :  cement  was 

Specified  for  density per  bushel. 

The  full  of  the  bushel  to  weigh 

so  many pounds. 

Bought  "by"  the ton. 

Delivered  "  in  " bags  or  casks. 

Tested  for  fineness per  cent. 

"      over  so  many  meshes  per 

inch  depending  on. . . .  S.  W.  G. 
"      for  strength  in  lbs.  per. . .  square  inch. 

And  used  by  the C^d.1 

Surely  the  fittest  parallel  to  such  ap- 
plication of  figures  as  Portland  cement 
evidently  required,  was  to  be  found  in 
the  old  farmer's  clock  which,  to  those 
who  knew  its  ways,  told  half-past  four  in 
the  day  by  striking  twelve  and  pointing 
to  five  minutes  to  nine.  A  similar  jug- 
gling had  to  be  performed  in  dealing 
with  iron.     It  was  generally  held  to 

Weigh. .  a  decimal  of     )       (pounds. 

a  pound  per  V  or  <     per  square  foot 
cubic  inch     )        (    1  inch  thick. 

Was  measured  in feet  and  inches. 

Priced  and  brought  per ton. 

Tested  for  tensile  strength 

in  pounds  per square  inch. 

"  for  elongation  deci- 

malry per  cent. 

"  for  deflection  by  a)  ,.  ■  -  .  ,  __,_ 
binary  sub  -  divi- 1  hf al  mcJ;  corflb/ 
sionofthe j  per  cent,  of  span. 

To  give  an  additional  example  :  Take 
the  apparently  simple  case  of  estimating 
the  weight  of  rails  per  mile  of  railway — 

Rails,  say 80  pounds  per  yard. 

The  multiplier  for  pounds 

per  mile  was 1,760 ! 

And  the  divisor  for  tons 

per  mile  was 2,240  ! 

Compare  the  arithmetical  process  in- 
volved by  these  figures  with  the  methods 
of  arriving  at  the  number  of  units  of 
gross  weight  under  the  decimal  (metric) 
system,  which  was,  so  to  speak,  automat- 
ic. 

Rails,  say 40  kilograms  per  meter. 

(  multiplier  for  weight  (kilog.  )pr. } 
Both  -|  mile  (kilometer)  and  divisor  for  >•  =1,000 

( tons  (milliers),  though  little  used) 

Thus  the  arithmetical  process  was  ef- 
fected immediately,  and  the  required 
result  obtained  by  simply  changing  the 
names  of  the  multiplicand  from  kilograms 
to  milliers. 

To  revert  to  the  units  in  the  case  of 
Portland  cement.  It  would  be  observed 
that   only    "  pounds  "   and   "  tons,"  and 
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"  square  inch  "  and  "  square  "  or  "  cubic 
yard  "  had  any  fixed  relationship,  accord- 
ing to  any  tables  in  existence ;  and  for 
purposes  of  calculation,  these  relation- 
ships were   represented  by  the  numeri- 

cal expressions^,  andgJL_  =^-& 

and  36x36x36  =  lie !  Whil6  UndCr  " 
decimal  (such  as  the  metric)  system,  the 
representative  fraction  would  be  l0100  or 
0.000,  and  sub-multiples  or  multiples  of 
it.  The  bushel  was  said  to  be  of  a  ca- 
pacity which,  stated  in  terms  of  British 
units,  simply  could  not  be  measured.  On 
the  authority  of  "  Molesworth  "  it  might 
be  taken  as  equal  to  2,218T1o-6-0-  cubic  inches 
—  ItoV  cubic  foot.  The  inch  and  the 
foot  (which  were  too  small  and  too  large 
as  units  of  minimum  dimension),  were 
defined,  or  at  least,  their  sizes  were  ac- 
cepted, conventionally.  Not  so  the  pound 
weight.  The  British  "  system  "  boasted 
two  distinct  pound  weights ;  and  while 
those  who  knew  what  was  meant,  pro- 
fessed to  find  things  easy,  it  could  not  be 
quite  so  clear  to  foreigners  who  might 
wish  or  require  to  refer  to  English  calcu- 
lations. 

A  popular  magazine  had  lately  in- 
formed its  readers  that  a  "  grain "  of 
gold  might  be  beaten  out  to  cover  56 
square  inches,  with  leaves  only  -go-Wrr  of 
an    inch   in  thickness 


2  80  0 

What  did  the 
statement  convey  to  the  general  reader 
as  to  the  relationship  of  the  "  grain  "  to 
the  "inch,"  square  or  lineal?  None; 
There  was  no  such  relationship.  Casual 
readers  might  forget  that  there  was  any 
use  for  the  word  "  grain "  so  applied, 
other  than  as  a  rough  indication  of  min- 
ute bulk ;  but  ancient  history  traced  con- 
nection between  it  and  the  grain  of  wheat 
as  a  measure  of  weight;  yet  it  might 
be  that  the  "  grain  "  of  gold  referred  to 
would  but  ill  compare  with  the  grain  of 
wheat,  either  as  to  size  or  weight. 
Hence  the  particulars  in  the  statement, 
though  not  detracting  from  the  wonder- 
ful ductility  of  gold,  were  wholly  worth- 
less as  a  comparison  of  actual  facts. 
Anyone  having  more  or.  less  intimate 
knowledge  of  workshop  practice,  or  in- 
tercourse with  the  foremen  of  depart- 
ments, would  realize  the  contortions  of 
memory  and  the  evolutionary  processes 
necessary  to  enable  the  mind  to  compre- 


hend the  rough  cube  of  a  piece  of  stick 
which  was  announced  to  be  2  feet  If  inch 
long,  4f  inches  broad,  and  ^  and  T\  inch 
thick.  Such  an  experience  might  be  com- 
pared with  the  equally  systematic  meas- 
urement of  a  timber  log  by  a  farm  hand : 
"  Five  times  the  length  of  my  stick,  twice 
the  length  of  my  foot,  then  this  straw, 
then  half  a  brick,  and  a  bit  over."  He 
had  heard  a  university  fellow  and  pro- 
fessor boast  to  his  pupils  that  he  had 
never  mastered  and  did  not  "  know  "  the 
English  tables  of  weights  and  measures. 
The  professor  always  had  his  sympathy. 
It  was  to  be  hoped  that  the  paper 
would  lead  to  useful  results.  The  ad- 
vantages of  the  alteration  it  advocated 
were  far  from  being  overrated;  they 
were  such  as  seemed  to  afford  an  occa- 
sion for  the  origination  of  a  movement 
having  in  view  the  final  substitution  of  a 
simple  and  attractive  system  of  numbers, 
already  well  tested,  for  the  present  anom- 
alies, and  the  illogical  jumble  of  terms 
and  quantities.  It  would  not  be  enough 
to  decimalize  the  British  tables  of  weights 
and  measures  ;  that  was  impossible,  how- 
ever practicable  to  deal  in  that  manner 
with  the  coinage.  Sooner  or  later  there 
must  be  a  complete  decimal  system  for 
all  purposes  of  calculation  and  measure- 
ment. It  was  to  be  hoped  that  it  might 
not  remain  to  be  secured  for  the  English, 
as  it  had  been  for  the  French,  among 
the  results  of  a  sanguinary  revolution. 

Mr.  C.  E.  Parker-Rhodes,lateof  H.  M. 
Consular  Service,  was  in  favor  of  the 
metric  decimal  system  in  substitution  for 
the  present  British  weights,  measures, 
and  coinage.  In  the  adoption  thereof 
for  all  purposes  no  difficulty  would  arise, 
even  in  ordinary  commercial  and  trade 
transactions,  particularly  in  the  measure- 
ment of  land.  As  to  advantages,  he 
need  only  state  that  a  case  of  survey  had 
recently  been  submitted  to  arbitration  at 
the  Surveyors'  Institution,  in  which  an 
error  of  1  acre  in  excess  existed  where 
the  correct  quantity  was  a  little  over  two 
acres.  Saving  of  time  in  calculation  was 
likewise  in  favor  of  the  system  now  ac- 
knowledged by  numerous  States ;  and  by 
the  diminution  of  operations  and  figures 
the  memory  was  less  taxed.  The  liabil- 
ity to  error  was  also  reduced  to  a  mini- 
mum. The  conversion  of  British  weights, 
measures,  and  currency  in  foreign  coun- 
tries would   always  be  to  the   disadvan- 
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tage  of  British  interests,  at  the  same 
time  resulting  in  considerable  fluctua- 
tions. International  uniformity  was 
greatly  needed,  as  might  be  proved  by 
the  importations  of  all  commodities  un- 
der the  British  flag  in  foreign  countries. 
Mr.  K.  H.  Smith  thought  experience 
proved  that  there  was  no  great  difficulty 
in  introducing  new  measures  into  the 
practical  life  of  a  nation ;  certainly  not 
as  regarded  engineering  practice.  Put- 
ting the  case  of  France  aside,  Germany, 
Russia,  Italy  and  Austria  had  adopted 
the  French  metric  system  throughout, 
practically,  the  whole  of  their  engineer- 
ing work,  and  had  become  familiar  with 
it  within  a  comparatively  short  period. 
Again,  Sir  Joseph  Whitworth's  workmen 
used  a  system  different  from  any  other, 
namely  -^  inch,  and  this  without  diffi- 
culty or  liability  to  error.  In  the  work- 
shop liability  to  error  was,  under  exist- 
ing circumstances,  more  often  due  to  the 
workmen  having  a  variety  of  conflicting 
scales  marked  on  their  rules  than  to  any 
other  cause.  The  theoretic  objection 
most  commonly  made  to  the  metric  sys- 
tem was  that  the  duodecimal  division  was 
more  advantageous  than  the  decimal.  As 
a  matter  of  theory,  he  thought  this  argu- 
ment mistaken.  There  was  a  real  ne- 
cessity for  representing  the  fraction  \  in 
the  simplest  possible  fashion,  whatever 
system  might  be  adopted,  because  of  the 
great  physical  importance  of  binary  sym- 
metry for  the  sake  of  balancing  weights, 
&c.  The  great  majority  of  dimensions 
was  for  such  reasons  marked  off  in  halves, 
but  beyond  the  fraction  \  he  thought  no 
fraction  had  any  more  importance  than 
another.  Physically,  the  dimension  of 
0.88  inch  would  suit  every  purpose  just 
as  well  as  -J  inch.  Physically  it  was  just 
as  convenient  to  buy  in  0.765  ton  of  iron 
as  15  cwt.  If  the  0.75  was  preferred,  it 
was  only  because  the  notation  made  0.75 
a  little  more  easy  to  calculate  than  0.765. 
If  the  notation  adopted  made  it  easier 
to  reckon  0.765  than  0.75,  then  the  com- 
monly used  fraction  would  be  0.765  and 
not  0.75.  Therefore,  so  long  as  the  sys- 
tem of  notation  represented  \  simply, 
i.  e.t  so  long  as  its  base  was  an  even  num- 
ber, he  thought  it  of  little  theoretical 
importance  what  base  was  taken.  Obvi- 
ously 2  or  4  was  clumsily  small,  because 
with  these  large  numbers  would  be  rep- 
resented   by   great    arrays    of     figures. 


Practically  it  was  of  the  utmost  import- 
ance to  adhere  to  10,  because,  although 
he  believed  it  would  be  easy  to  introduce 
new  physical  quantitative  units,  he  knew 
from  repeated  attempts  that  it  was  ex- 
tremely difficult  to  change  the  funda- 
mental idea  of  numerical  notation,  and 
also  because  the  decimal  system  was  not 
only  deeply  ingrained  in  our  minds,  but 
was  widespread  over  the  world,  there  be- 
ing no  nations  having  any  notation  at  all, 
who  did  not  count  by  it.  No  one  who 
had  lived  and  worked  on  the  Continent, 
and  who  recollected  at  the  same  time 
what  was  the  usage  of  scientific  men  all 
over  the  world,  could,  for  a  moment  con- 
template the  possibility  of  converting 
the  continental  peoples  to  the  use  of 
British  measures.  It  followed  that  if  an 
international  system  of  measurement  was 
to  be  attained,  it  could  only  be  accom- 
plished by  the  approximation  of  British 
to  the  best  metric  system  that  would  be 
generally  acceptable.  Men  devoted  to 
pure  science  used  now  almost  exclusively 
the  centimeter  and  its  derivatives.  He 
believed  the  centimeter  was  commonly 
used  in  France  by  engineers  also.  In 
Germany,  however,  the  millimeter  was 
almost  universally  employed  by  engineers 
as  the  unit  of  length.  The  reason  evi- 
dently was  that  the  centimeter  was  too 
long  to  make  it  possible  even  commonly 
to  avoid  fractions  in  dimensioning  draw- 
ings, &c.  In  calculating  the  diameter  of 
a  shaft,  for  instance,  it  would  be  most 
improper  to  round  off  the  result  to  a 
whole  number  of  centimeters,  unless  the 
size  were  an  unusually  large  one.  The 
thicknesses  of  plates  could  never  be  ex- 
pressed without  fractions.  But  in  prac- 
tice it  was  found  that  a  fraction  of  a  mil- 
limeter need  never  be  used,  except  occa- 
sionally in  fitting  dimensions  together, 
or  for  sheet  metal,  or  for  wire.  The 
committee  of  the  British  Association  rec- 
ommended the  adoption  of  the  centime- 
ter and  the  gram,  because  the  system  so 
based  made  the  specific  gravity  coincide 
with  the  specific  weight  (weight  per  unit 
volume)  of  each  substance.  He  submit- 
ted that  this  was  no  good  reason.  Specific 
gravities  were  of  no  use  to  engineers,  or 
any  other  class  of  practical  men.  Tables 
of  specific  gravity  he  had  always  looked 
upon  as  nuisances.  Weights  should  be 
calculated  from  experiments  on  the  heavi- 
ness of  the  material  dealt  with,  and  from 
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linear  measurements.  For  this  purpose 
specific  weights  were  wanted,  not  specific 
gravities.  With  tables  of  specific  gravi- 
ties only  to  go  by,  a  double  multiplica- 
tion must  be  made  where  only  one  was 
needed  according  to  any  rational  method. 
To  realize  the  excessive  uselessness  of 
specific  gravities,  it  should  be  remem- 
bered that  the  comparison  only  referred 
to  water  at  one  particular  temperature 
and  pressure.  It  so  happened  that  in 
the  one  instance,  where  it  appeared  at 
first  sight  that  specific  gravities  might  be 
of  direct  practical  use,  namely,  in  the  cal- 
culation of  the  buoyancy  of  ships ;  the 
specific  gravity  of  the  water  to  be  dealt 
with,  namely  sea-water,  was  so  far  from 
unity  that  the  difference  could  not  be 
neglected.  Specific  weight  was  what  was 
always  practically  dealt  with,  and  the  spe- 
cific weight  of  water  was  certainly  not 
the  most  important  specific  weight  enter- 
ing into  the  calculations  of  engineers.  It 
was  hardly  used,  except  in  hydraulic  en- 
gineering. In  steam  engineering,  that  of 
steam  was  of  vastly  more  importance 
than  that  of  water.  He  thought,  there- 
fore, that  for  practical  purposes  there 
need  be  no  definite  relation  between  the 
units  of  length  and  of  weight  or  mass, 
and  the  most  convenient  units  he  had 
used  in  his  own  calculations  were  the 
millimeter  and  kilogram. 

Mr.  W.  E.  Thursfield  observed  that 
there  could  be  no  question  as  to  the  de- 
sirability of  an  international  standard  of 
weights  and  measures  for  engineering 
purposes  ;  and,  as  England  and  America 
were  the  only  two  countries  which  still 
retained  their  old-fashioned  and  compli- 
cated methods  of  arriving  at  arithmeti- 
cal conclusions,  nothing  more  than  their 
common  assent  was  necessary  to  give  an 
international  character  to  the  metric  and 
decimal  systems  employed  by  engineers 
on  the  Continent.  Having  had  some 
twenty  years'  practical  experience  of  the 
immense  saving  in  time  and  labor,  of  the 
simplicity  of  manipulation,  and  of  the 
greater  accuracy  obtainable  by  the  use  of 
the  meter  as  the  standard  of  all  dimen- 
sions in  every  branch  of  technical  work, 
he  had  great  pleasure  in  bearing  testi- 
mony to  the  undoubted  advantages,  in 
the  several  instances  adduced  by  the  au- 
thor, of  the  metric  and  decimal  systems, 
and  in  supporting  his  arguments  in  favor 
of  their  adoption  in  place  of  any  other. 


With  regard  to  the  depreciation  of  ex- 
isting English  technical  literature,  and  of 
machinery  compiled  and  constructed  in 
accordance  with  the  present  systems  of 
calculation  and  measurement,  the  rapid 
improvements  in  detail,  and  the  wear 
and  tear  of  material,  necessitated  renewal 
from  time  to  time ;  and  the  advantages 
to  be  derived  by  the  student,  as  well  as 
by  the  manufacturer,  from  the  means  af- 
forded them,  by  an  international  stand- 
ard of  comparison,  of  judging  the  theo- 
retical and  practical  results  of  their  pro- 
fessional brethren  in  other  countries, 
must  be  of  more  value  than  the  loss  of 
waste  paper  and  of  old  metal,  left  on 
their  hands  at  the  end  of  the  period  of 
transition.  In  drawing  a  comparison  be- 
tween the  descent  in  integral  fractions, 
of  the  subdivisions  of  a  meter,  and  of  an 
inch  (as  quoted  by  the  author),  Mr.  Sel- 
lers appeared  to  have  lost  sight  of  the 
fact  that  the  meter  was  divided  into  3,000 
parts,  not  100 ;  and  that  it  was,  conse- 
quently, capable  of  fourteen  integral  sub- 
divisions— i,  J,  |,  i,  TV,  -fa  A.  A>  -fa* 

xfe  Tihr>  shim  3w»  toW>  a11  of  whlch 
could  be  contained  on  one  scale  ;  where- 
as, to  obtain  the  full  benefit  of  the  inch 
scale,  three  separate  forms  of  subdivision, 
or  three  scales,  were  necessary,  namely, 
the  inch  divided  in  terms  of  J,  T^,  and  y1^-. 
That  sizes  of  machinery  advancing  by  ^ 
inch  were  more  useful  and  salable  than 
those  advancing  by  millimeters,  was 
rather  a  matter  of  local  prejudice  than 
of  universal  opinion.  It  must  be  imma- 
terial to  a  purchaser  whether  the  cylin- 
ders of  several  engines  submitted  for 
his  choice  had  advancing  diameters  of 
9T7g-  inches,  9 5-  inches,  and  9r9g-  inches,  or 
239  millimeters,  241  millimeters,  and  243 
millimeters,  as  the  respective  differences 
between  the  latter  dimensions  in  milli- 
meters and  the  former  in  sixteenths  of 
an  inch,  were  only  0.25,  0.08  and  0.07 
per  cent.  It  would  be  equally  correct  to 
surmise  that  a  fourteen-hand  cob  and  a 
sixteen-hand  hunter  would  be  less  use- 
ful and  salable  if  advertised  at  147.5 
centimeters  and  168.5  centimeters,  sup- 
posing the  purchaser  to  be  intimate  with 
the  metric  system.  If  anything,  he 
thought  the  author  undervalued  the  sav- 
ing in  time  by  the  use  of  the  metric  and 
decimal  system  in  calculation ;  the  sur- 
veyor, most  expert  at  quantities,  with  the 
handiest     of     ready    reckoners,     would 
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scarcely  be  able  to  work  out  the  same 
number  of  items  expressed  in  tons,  cwts., 
qrs.,  and  lbs.,  at  x  shillings  per  ton,  in 
one  hour,  as  could  be  calculated  by  any- 
one, with  only  a  short  practice  in  the 
decimal  system,  in  three-quarters  of  an 
hour,  if  the  weights  were  expressed  in 
kilograms,  and  price  in  shillings  per 
meter  ton,  to  say  nothing  of  the  increas- 
ing chance  of  error  in  proportion  to  the 
greater  number  of  operations,  and  of 
the  longer  time  necessary  to  check  the 
results,  without  which  the  calculations 
were  useless.  With  regard  to  the  exten- 
sion of  the  metric  and  decimal  system  to 
the  purposes  of  general  commerce,  he 
agreed  with  the  author  that  the  full  bene- 
fit of  such  a  step  could  only  be  reaped 
in  conjunction  with  a  compulsory  system 
of  decimal  coinage  ;  but  in  the  face  of 
the  competition  of  over  one  hundred  and 
eighty  millions  of  European  producers, 
of  whom  one  hundred  and  twenty  mil- 
lions either  held  or  were  hungering  after 
Colonial  possession  as  outlets  for  their 
produce,  or  as  standpoints  from  which 
to  assail  the  mercantile  supremacy  of 
England,  all  using  one  standard  of  meas- 
ure, differing  from,  and  simpler  than,  the 
British  ;  he  thought  it  would  be  wiser,  if 
also  the  mercantile  world,  or  so  much  of 
it  as  would  have  to  withstand  the  attack 
of  foreign  competition,  were  to  place  it- 
self on  an  equal  footing  with  its  competi- 
tors by  adopting,  as  early  as  possible, 
their  standard  of  mensuration. 

The  course  of  dissemination,  before  its 


adoption  became  compulsory,  was 
sketched  by  the  author  in  his  reference 
to  the  method  by  which  the  change  was 
effected  in  Austro-Hungary.  He  thought, 
however,  his  suggestions  might  have 
gone  further,  and  that  part  of  the  burden 
laid  on  engineers  might  have  been  trans- 
ferred to  the  shoulders  of  the  school- 
master. It  was  of  no  use  to  familiarize 
the  workmen  with  a  new  and  simpler  sys- 
tem of  measurement  and  calculation,  if 
their  children,  who,  in  all  human  proba- 
bility, were  destined  to  take  their  place, 
were  brought  up  in  an  old  and  compli- 
cated one.  In  conclusion,  he  agreed  with 
the  author  that  practically  the  decimaliza- 
tion of  the  coinage  was  as  simple,  if  not 
easier,  than  the  conversion  of  weights  and 
measures  for  commerce.  This  had  been 
aptly  illustrated  in  Germany,  where  one 
universal  standard  of  monetary  value 
had  been  introduced  in  place  of  the  het- 
erogeneous coinages  of  her  numerous 
petty  States ;  and  in  Austria,  where  the 
florin,  formerly  composed  of  60  kreuzers, 
now  contained  100.  Yet,  in  both  coun- 
tries no  other  change  than  that  of  no- 
menclature had  taken  place  in  measuring 
many  articles  of  daily  use.  For  instance, 
the  old  Kriigel  (0.531  liter)  had  become 
the  modern  ^  liter ;  the  old  Seitel  (0.353 
liter)  J  liter ;  the  Pfiff  (0.177  liter)  \  liter. 
Meat  and  other  commodities,  formerly 
sold  by  the  pound,  were  now  computed 
by  the  \  kilogram,  and  so  on,  with,  how- 
ever, be  it  remarked,  almost  invariably  a 
slight  loss  to  the  public,  and  a  corre- 
sponding advantage  to  the  tradesman. 


MECHANICAL  INTEGRATORS. 

By  Professor  Henry  Selby  Hele  Shaw,  Assoc.  M.  Inst.  C.  E. 
Proceedings  of  the  Institution  of  Civil  Engineers. 

I. 


All  measurements  are  made  in  terms  of 
some  fixed  unit.  The  method  may  consist 
of  a  simple  comparison  of  the  unit  with 
the  quantity  to  be  measured,  but  when  this 
cannot  conveniently  be  done,  some  indi- 
rect means  must  be  employed.  Indirect 
measurements  may  be  made  by  measur- 
ing some  physical  effect,  the  magnitude 
of  which  is  known  to  be  a  function  of 
the  quantity  to  be  measured,  as,  for  in- 


stance, when  the  length  of  a  rod  or  wire 
is  estimated  by  its  weight.  Where,  how- 
ever, the  unit,  in  terms  of  which  the 
measurement  has  to  be  made,  is  what  is 
known  as  a  derived  unit,  the  indirect 
method  generally  consists  in  measuring 
in  terms  of  the  simple  units  from  which 
the  former  is  derived,  and  performing, 
with  the  results,  the  necessary  calcula- 
tion.    An  example  of  this  latter  method 
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is  given  in  obtaining  the  contents  of  an 
area,  by  taking  its  length  and  breadth 
and  multiplying  them  together,  instead 
of  adopting  the  tedious  process  of  ascer- 
taining, by  direct  comparison,  how  many 
times  the  unit  of  area  would  be  contained 
within  it. 

Now,  such  calculations,  even  when  of 
so  simple  a  kind  as  mere  multiplication, 
often  become  very  inconvenient,  and  a 
large  number  of  instruments  have  been 
designed  for  performing  them  by  me- 
chanical means.  Such  instruments  may 
be  divided  into  two  classes,  one  in  which 
the  final  result  of  conditions  which  vary 
in  an  arbitrary  manner  is  found,  such  as 
the  contents  of  a  surface  or  the  work  of 
a  motor,  requiring  a  process  of  multipli- 
cation or  addition ;  the  other  in  which 
the  relation  or  ratio,  at  any  instant,  of  two 
such  quantities  is  given,  such  as  space 
and  time  in  the  case  of  velocity,  requir- 
ing at  each  instant  a  process  of  division. 
The  object  of  the  present  paper  is  to 
deal  with  the  theory,  design  and  practi- 
cal applications  to  engineering  problems 
of  the  former  class  alone.  It  may  be 
briefly  stated  that  very  little  has  yet  been 
practically  done  in  the  use  of  the  latter. 
Quite  recently,  Professor  A.  W.  Harlach- 
er,  of  Prague,  has  published  an  account 
of  the  instruments  and  methods  of  Har- 
lacher,  Henneberg  and  Smreker,  for  gaug- 
ing the  velocity  of  a  river  current,  the 
principle  of  which  is  the  same  as  that  in- 
dependently adopted  by  the  author  and 
others  in  this  country. 

The  conditions  or  data  above  referred 
to,  from  which  the  required  result  has  to 
be  calculated  by  instrumental  means,  are 
obtained  in  two  ways : 

(1)  By  intermittent  or  separate  obser- 
vations and  measurements. 

(2)  By  the  continuous  motion  of  a  ma- 
chine in  connection  with  self-recording 
apparatus. 

The  former  is  the  case  in  measuring  an 
area  of  country,  taking  dimensions  of  a 
river  or  embankment  section,  or  obtain- 
ing the  forces  exerted  at  different  times 
by  a  machine  or  body  in  motion.  The 
latter  is  generally  given  in  the  form  of  a 
graphic  record,  an  important  example  of 
which  is  the  diagram  of  energy  or  work 
taken  from  a  prime  mover.  In  both 
cases  the  result,  whatever  it  be,  whether 
boundary,  area,  volume,  work,  &c,  can 
be  found  by  calculation,  but  only  with  an 


approximation  to  the  truth,  depending 
upon  the  extent  of  the  calculation.  The 
reason  of  this  is  that  the  data  of  calcu- 
lation, which  are  taken  directly  in  the 
first  case,  or  selected  from  the  graphic 
record  in  the  second,  only  represent  act- 
ual conditions  more  or  less  closely,  ac- 
cording as  the  number  of  data  so  taken 
is  greater  or  less,  and  the  greater  the 
number  the  greater  is  the  labor  of  de- 
termining the  result.  The  instruments 
discussed  in  this  paper  perform  such 
work  mechanically,  with  the  great  ad- 
vantages of  rapidity  of  operation,  accu- 
racy of  results,  and  without  requiring 
mental  effort  on  the  part  of  the  manipu- 
lator ;  and  all  this,  moreover,  to  a  great 
extent  independently  of  the  complexity 
of  the  calculation  required.  All  the  re- 
sults, the  measurement  of  which  will  be 
considered,  can  be  represented  graphi- 
cally. If  the  observations  have  been 
made  separately,  they  can  be  plotted, 
whether  in  the  form  of  a  diagram  of  en- 
ergy, or  on  the  plan  or  elevation  of  an 
area  or  section,  and  the  boundary  can  be 
filled  in  with  a  tolerably  close  approxi- 
mation to  accuracy.  In  the  other  case 
the  graphic  record  is,  or  may  be,  directly 
given.  The  subject,  as  far  as  the  theory 
of  the  calculation  goes,  can  therefore  be 
studied  with  reference  to  such  diagrams 
without  the  necessity  of  considering  in 
the  first  case  how  they  were  obtained, 
and  it  will  be  convenient  to  do  this, 
and  afterwards  to  examine  separately  va- 
rious examples  of  their  application. 
Such  diagrams  may  be  drawn  upon  any 
kind  of  surface,  and  an  instrument  for 
dealing  with  measurements  upon  that  of 
a  sphere  will  be  hereafter  described.  A 
plane  surface  may,  however,  be  employed 
upon  which  to  represent  all  cases  of  any 
practical  importance,  and  the  question 
thus  arises,  What  are  the  measurements 
of  the  nature  under  consideration  which 
are  required,  and  which  can  be  obtained 
from  either  a  regular  or  an  irregular 
plane  of  figure? 

Such  measurements  are  of  three 
kinds  : 

(1)  The  length  of  its  perimeter  or 
boundary. 

(2)  The  area  of  its  superficial  contents. 

(3)  Its  relation  to  some  point,  line,  or 
other  figure  on  the  surface,  e.  g.,  its 
moment  of  area  or  moment  of  inertia 
about  a  given  line. 
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All  these  three  kinds  of  quantities  can 
be  ascertained  by  successive  operations 
of  addition.  The  first  requires  the  ad- 
dition of  elements  of  length,  the  second 
may  be  obtained  by  adding  up  successive 
elements  in  the  form  of  strips  of  area, 
and  the  third  by  adding  products  ob- 
tained by  multiplying  such  strips  by 
some  quantity,  the  magnitude  of  which 
depends  upon  the  position  of  the  other 
point,  line,  or  figure  in  question.  Tak- 
ing the  general  case  of  an  irregular  fig- 
ure, it  is  evident  that  absolute  accuracy 
can  only  be  obtained  when  this  opera- 
tion becomes  that  of  integration  or  sum- 
ming up  of  an  infinite  series  of  indefin- 
itely small  quantities.  Instruments  for 
performing  this  operation  are  therefore 
called  '•'  mechanical  integrators."  In  all 
such  instruments  the  rolling  action  of 
two  surfaces  in  frictional  contact  is  em- 
ployed, for  this,  as  will  be  hereafter 
seen,  enables  the  conditions  of  motion 
to  be  continuously  varied  in  a  way  which 
could  not  be  effected  by  mere  trains  of 
wheel-work,  such  as  form  the  mechanism 
of  some  kinds  of  calculating  machines. 
This  fact  necessitates  something  more 
than  a  mere  discussion  of  the  mathe- 
matical principles  upon  which  the  calcu- 
lations are  performed,  for  though  the 
action  of  an  integrator  may  be  absolute- 
ly correct  as  far  as  its  theory  of  the  per- 
formance of  the  calculation  is  concerned, 
yet  there  is  always  some  instrumental 
error  depending  upon  the  rolling,  and 
also,  as  will  be  seen,  of  the  slipping  of 
the  two  surfaces  in  frictional  contact. 
This  error  may  be  exceedingly  small,  but 
it  is  a  matter  of  great  importance  to 
ascertain  its  exact  amount,  and  the  sub- 
ject will  therefore  be  investigated  at 
length,  under  the  heading  "Limits  of 
Accuracy  of  Integi-ators,"  where  an  ac- 
count will  be  also  given  of  the  experi- 
mental results  of  Professor  Lorber,  of 
Leoben ;  Dr.  William  Tinter,  of  Vienna,- 
and  Dr.  A.  Amsler,  of  Schaffhausen.  In 
this  investigation  it  will  be  shown  that 
when  integrators  are  examined  upon  the 
mechanical  principles  of  action,  they  are 
all  found  to  belong  to  one  of  two  classes. 

(1)  In  which  the  surfaces  in  question 
slip  over  each  other. 

(2)  In  which  only  pure  rolling  motion 
of  the  surfaces  is  assumed  to  take  place. 

The  significance  of  this  mode  of  classi- 
fication is  that  it  not  only  leads  to  a  clear 


understanding  of  the  nature  of  the  re- 
sults to  be  expected  from  any  particular 
instrument,  and  teaches  the  best  method 
of  manipulating  it,  with  regard  to  its  po- 
sition relatively  to  the  figure  to  be  meas- 
ured, but  it  also  brings  out  prominently 
the  mechanical  principle  upon  which  the 
inventor  has  relied  sometimes,  as  it 
would  appear,  unconsciously,  for  the  ac- 
curacy of  the  results  expected  to  be  ob- 
tained. 

It  may  be  here  remarked  that  the  same 
principle,  by  which  an  integrator  is  em- 
ployed to  determine  a  result  from  an  au- 
tographic record,  may  be  applied  directly 
to  obtain  a  continuous  result  from  the 
machine  or  body  in  motion,  such,  for  in- 
stance, as  an  ordinary  dynamometer  or 
dynamo-electric  machine,  from  which  the 
autographic  record  was  obtained.  Thus, 
after  discussing  the  action  of  integrators 
for  dealing  with  diagrams,  it  will  only  be 
necessary  to  consider  the  mechanical  de- 
tails of  the  instruments  for  direct  appli- 
cation to  a  machine,  and  this  will  be 
done  under  the  head  of  "  Continuous 
Integrators." 

Coming  now  to  the  consideration  of 
the  actual  measurement  of  the  three  kinds 
of  quantities,  it  will  be  found  that  the 
first  is  very  simple,  and,  in  fact,  the  only 
reason  why  it  is  not  convenient  to  meas- 
ure it,  by  comparing  it  with  the  unit  of 
length  in  the  ordinary  way,  is  its  contin- 
uous change  of  direction. 

The  only  mechanical  method  of  recti- 
fying a  curve,  as  it  is  called,  that  is,  ob- 
taining its  length  as  a  right  line,  is  by 
rolling  a  wheel  along  it.  This  wheel  is 
connected  with  a  suitable  train  of  wheels 
for  recording  the  total  number  of  revolu- 
tions, and  as  the  rolling  circle  of  the 
first  wheel  is  either  a  unit  in  length  or 
contains  a  known  relation  to  this  unit, 
the  length  of  the  curve  or  boundary  is 
given  at  once  by  the  reading  of  the  grad- 
uated wheels.  The  use  of  such  instru- 
ments is  very  ancient,  and  Beckmann,  in 
his  "History  of  Inventions,"  describes 
amongst  various  odometers,  one  men- 
tioned in  the  Tenth  Book  of  Vitruvius. 
Such  an  instrument  is  made  upon  a  small 
scale  for  use  by  a  draftsman,  and  in  one 
form  it  is  sometimes  termed  an  "  opisom- 
eter,"  in  another  form  the  chartometer, 
or  Wealemefna ;  it  is  also  employed  upon 
a  large  scale  as  a  road  or  route  meas- 
urer.    The  same  principle  has  been  em- 
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ployed  in  one  of  the  latest  forms  of  ane- 
mometer, in  which  the  plane  of  the  wheel 
is  always  kept  coincident  with  the  direc- 
tion of  the  wind,  while  its  edge  rolls  in 
contact  with  the  recording  surface,  and 
measures  the  total  travel  of  the  wind.  In 
this  class  falls  the  device  suggested  in  a 
letter  to  "  Nature,"  by  Mr.  V.  Ventosa, 
of  Madrid,  for  continuously  obtaining 
the  N.,  E.,  S.  and  W.  components  of  the 
wind,  a  device  which  was  independently 
arrived  at  by  the  author  in  connection 
with  certain  mathematical  principles  re- 
ferred to  hereafter. 

The  object  of  employing  a  rolling 
wheel  is  merely  to  enable  the  direction  to 
be  changed  so  as  always  to  coincide  with 
the  curve  to  be  measured,  and  the  prin- 
ciple is,  therefore,  that  of  direct  unit 
measurement  or  comparison.  The  fore- 
going instrument,  which  evidently  be- 
longs to  the  second  class  in  which  only 
rolling  motion,  without  slipping,  is  sup- 
posed to  take  place,  forms,  however,  one 
kind  of  mechanical  integrator. 

The  measurement  of  the  other  two 
kinds  of  quantities  is,  as  in  the  case  of 
the  first,  a  problem  of  addition ;  but,  in- 
stead of  being  the  addition  of  an  infinite 
number  of  infinitely  short  lines,  an  in- 
finite number  of  continually  changing 
magnitudes  has  to  be  added.  This  is  the 
same  both  for  instruments  required  in  the 
second  kind  of  measurement,  or  "Area 
Planimeters,"  and  those  required  in 
the  third  kind,  or  "  Moment  Planim- 
eters." From  the  fact  that  the  chang- 
ing magnitudes  referred  to  are  sim- 
pler to  deal  with  in  the  case  of  cal- 
culating the  contents  of  areas  than  in 
finding  their  moments  or  any  mathemat- 
ical results  of  an  equivalent  kind,  the  dis- 
cussion of  the  theory  of  the  two  above 
kinds  of  instruments  is  not  the  same,  and 
will,  therefore,  be  dealt  with  under  two 
separate  headings. 

Area  Planimeters. 

The  area  of  any  plane  figure,  such  as 
ABDE  (Fig.  1),  can  be  obtained  in  the 
following  manner.  Take  any  straight 
lines,  OX  and  OY,  at  right  angles  to  each 
other,  and  parallel  to  OY ;  draw  a  series 
of  straight  lines  equidistant  from  each 
other,  dividing  the  figure  into  a  number 
of  strips,  or  elements  of  area.  A  series 
of  rectangles  may  then  be  found,  as  shown 
at  AB,  the  area  of  which  is  equal  to  that 


of  the  corresponding  strip,  so  that,  by 
adding  the  rectangles  together,  the  area 
of  the  whole  figure  is  obtained,  as  adopt- 
ed in  the  common  method  of  finding  the 
area  of  an  indicator  diagram.  The  greater 
the  number  of  strips  the  more  closely 
will  the  height  of  the  two  sides  of  each 
tend  to  become  equal  to  each  other,  and 
to  the  height  of  the  corresponding  rect- 
angle. 

Let  A  x— the  width  of  any  element  of 
area  such  as  AB,  at  a  distance 
x  from  O. 

y= height  of  the  corresponding 
rectangle. 

Then  1/  A  a? = area  of  the  element  AB, 

and  the  sum  of  all  such  elements  of  area 
is  the  area  of  the  figure  ABDE.     When 
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the  number  of  elements  is  increased  in- 
definitely, this  expression  becomes 

ye&c=area  of  the  figure  ABDE, 


«/     c 


a  and  b  being  the  extreme  values  of  x, 
i.e.,  the  limits  of  integration. 

It  is  evident,  therefore,  that  the  area 
will  be  correctly  measured  by  an  instru- 
ment in  which  the  recording  wheel  or 
measuring  roller  always  turns  at  a  rate 
proportional  to  the  ordinate  y  of  the 
curve,  while  the  body  from  which  it  de- 
rives its  motion  moves  at  a  uniform  rate 
along  the  axis  OX. 

Area  planimeters  have  been  classified 
according  to  apparently  different  modes 
by  which  the  operation  of  integration  is 
performed  ;  but,  since  the  action  of  them 
all  can  be  explained  upon  the  foregoing 
principle  of  adding  elements  of  area,  and, 
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in  fact,  by  means  of  the  same  notation,  it ; 
is  not  surprising  that  such  classifications 
ore  anything  but  satisfactory.  In  fact, 
in  one  important  kind  of  planimeters,  it  i 
becomes  doubtful  to  which  class  they  be- 
long, or,  whether  they  should  not  be 
placed  in  two  or  more  classes.  It  is, ! 
without  doubt,  very  convenient  to  dis- 
tinguish different  planimeters,  and,  there- 
fore, the  names  which  have  been  given 
them  will  be  used  ;  but  this  will  not  de- 
note any  difference  of  principle,  and  the 
classification  which  will  be  adopted  is 
that  already  explained,  and  depends  on 
mechanical  conditions  of  action.  In  what 
follows,  one  mode  of  viewing  the  mathe- 
matical operation  is  adhered  to  through - 


and  described  a  very  similar  instrument. 
The  development  of  the  planimeter  seems 
to  have  grown  out  of  the  instrument  of 
Oppikofer,  who,  in  conjunction  with  a 
Swiss  mechanic,  Ernst,  finished  a  plan- 
imeter which  won  a  prize,  in  Paris,  in 
1836.  Important  improvements  are  due 
to  Wettli,  of  Zurich,  who,  with  Starke,  in 
1849,  took  out  a  patent  in  Austria  for  the 
instruments  now  called  the  Wettli-Starke 
planimeter.  Later  on,  in  England,  other 
inventors  (Sang,  Moseley)  worked  at  the 
subject,  but  all  these  instruments  de- 
pended for  their  action  on  the  same  prin- 
ciple, which  is  as  follows  : 

Let  M  (Fig.  2)  be  the  plan  of  a  disk 
rolling  in  contact  with  a  straight  guide 


out,  and  it  may  be  stated  that  the  object 
of  the  author  has  been  to  make  clear  the 
principles  of  action  of  integrators,  rather 
than  to  obtain  rigid  and  exhaustive  dem- 
onstrations of  their  theory. 

Planimeters  in  which  Slipping  of  the 
Measuring  Roller  Takes  Place. 

From  a  brief  account  of  the  subject  by 
Professor  Lorber,  it  appears  that  the  first 
recorded  idea  of  a  planimeter  is  attributed 
to  Hermann,  of  Munich,  who  worked  it 
out  with  Lammle.  This  idea  of  Her- 
mann's, which  was  published  in  1814, 
seems  to  have  fallen  into  oblivion,  for  in 
1827  Oppikofer,  of  Berne,  constructed  a 
planimeter  upon  similar  principles,  and 
it  was  thenceforth  called  after  his  name. 
On  the  other  hand,  Favora  gives  the 
priority  to  Professor  T.  Gonella,  of  Flor- 
ence, who,  in  1828,  without  any  knowl- 
edge of  what  Hermann  had  done,  invented 


PQ,  which  is  parallel  to  OX,  and  at  a 
distance  from  it  equal  to  the  radius  of  the 
disk,  so  that  the  plan  of  the  center  of  the 
latter  always  lies  in  OX.  Let  m  be  a 
roller  upon  the  surface  of  the  disk,  gradu- 
ated and  connected  with  wheel-work  and 
an  index,  so  that  the  distance  turned 
through  over  the  surface  of  the  disk  can 
be  read  in  revolutions,  or  parts  of  a  revo- 
lution. The  plan  of  the  point  of  contact 
(B)  of  the  roller  with  the  disk  is  always 
made  to  coincide  with  that  particular 
point  on  the  curve,  which  is  in  the  line 
drawn  at  right  angles  to  OX,  through 
the  center  C  of  the  disk.  The  plane  of 
rotation  of  (m)  which  may  be  called  the 
measuring  roller,  is  always  perpendicular 
to  the  disk  M,  and  the  plan  of  its  axis,  as 
shown  in  the  figure,  is  always  parallel  to 
OY,  so  that,  in  following  the  curve,  it 
slips  backwards  or  forwards  across  the 
surface  of  the  disk,  in  a  direction  parallel 
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to  OY.  Suppose  the  disk  to  roll  along 
PQ  for  a  distance  A  x,  equal  to  the  width 
of  the  element  AB. 

Then,  if  yx  =  distance  of  B  from  OX. 
B= radius  of  disk  M. 
r= radius  of  measuring  roller 
m. 

nt=  consequent    reading    of 
measuring  roller  for   this 


Then^  Ax-. 


travel  of  disk. 

=  linear  distance  turned 
through  by  a  point  on  the 
disk  at  a  distance  yx  from 
the  center. 


2  nrn  x  =  linear  distance  turned 
through  by  a  point  on  the 
circumference  of  m;  but 
since  m  rolls  on  M  these 
distances  are  equal. 

Therefore         2  nrn  =^-ax, 

XV 


or, 


^ASX2SJ 


1    . 


but=j — =:is  a  constant,  which,  by  taking  r 
2nrK 

and  B  in  suitable   ratio   may  be   made 

unity. 


Then 


nl=y1Ax, 


that  is,  the  reading  of  the  roller  m  meas- 
ures that  part  of  the  area  of  the  element 
above  OX. 

If  the  point  of  contact  be  made  to  fol- 
low round  the  curve  continuously  in  one 
direction,  then,  when  the  portion  of  AB 
below  OX  is  being  measured,  the  disk  is 
moving  in  the  opposite  direction  along 
PQ,  but,  at  the  same  time,  the  roller  is 
turning  in  the  opposite  way  relatively  to 
the  disk  to  that  which  it  was  doing  be- 
fore, since  the  point  of  contact  is  now  be- 
low C.  The  final  result  of  these  two 
opposite  motions  is  to  cause  the  roller  to 
turn,  as  at  first,  and  so  add  the  result 
given  for  CA  to  what  was  given  for  CB. 
If  the  motion  of  the  disk  A  x  for  the 
width  of  AB  be  now  regarded  as  nega- 
tive, 

and  —?/2= distance  AC 

also  n9= reading  of  roller  for  this  ele- 
ment of  area, 
then  by  similar  reasoning  to  that  already 
used, 


n2=(-y2)(-A^) 

=y,Ax, 
and  n=n1  +  ni^=(yx  -f  y^)  Ax=y  Ax= 

=area  of  element  AB. 

This  reasoning  holds  for  any  possible 
position  of  the  roller,  or  of  the  axis  OX, 
which  may  be  altogether  outside  the  fig- 
ure, as  it  practically  is  for  the  integration 
of  the  portion  DHE.  Then  it  will  be 
found  that  DKH  is  subtracted,  and 
DKHE  is  added,  so  as  to  give  the  re- 
quired actual  area  DHE. 

Inasmuch  as  this  reasoning  is  independ- 
ent of  the  actual  value  of  the  width  of 
the  element,  and  as  the  vertical  motion  of 
the  roller  m  has  no  effect  in  theory  upon 
the  distance  rolled  through  by  it,  there- 
fore,  in   the    limit   when     Ax  becomes 

Fie:.  3 


infinitely  small,  the  actual  value  of  the 
series  of  infinitely  narrow  strips  which 
compose  the  figure  ABDE  is  given  by 
the  final  reading  of  the  roller  when  the 
traverse  of  the  boundary  is  completed. 

The  Wettli-Starke  planimeter  (Fig.  3) 
acts  directly  upon  this  principle,  with  the 
exception  that  it  is  the  disk  that  is  moved 
according  to  the  changes  in  y  instead  of 
the  measuring  roller,  and  the  following  is 
a  description  of  the  best  form  of  this  in- 
strument : 

On  a  base-plate  P  (Fig.  3),  are  three 
guides  SSS,  along  which  a  frame  carrying 
the  vertical  axis  of  the  disk  M  can  be 
moved  to  and  fro.  The  disk,  which  is 
made  of  glass  and  covered  with  paper, 
has  two  motions,  one  rectilineal  along 
the  guides,  and  one  of  rotation  about  its 
axis.     The  motions  are  imparted  to  it  by 


MECHANICAL   INTEGRATORS. 


401 


means  of  an  arm  (L),  which  passes 
through  the  roller-guides  (gg)  in  the 
frame  carrying  the  disk,  and  rotates  the 
latter  by  means  of  a  German  silver  wire 
(del )  passing  round  a  cylinder  w  upon  its 
axis,  and  attached  by  the  two  ends  to  the 
extremities  of  the  arm.  The  measuring 
roller  (m)  rests  upon  the  surface  of  the 
disk,  being  carried  in  another  frame  (B), 
which  is  hinged  to  the  base-plate.  The 
action  is  as  follows :  the  base-plate  being 
placed  in  juxtaposition  to  the  figure  to 
be  integrated,  any  line  parallel  to  the 
guides,  i.e.,  to  the  direction  of  rectilinear 
motion  of  the  disk,  may  be  taken  as  the 
axis  OY;  and  line  OX,  drawn  through 
the  edge  of  the  roller,  perpendicular  to 


Ausf  eld,  introduced  a  different  method  of 
reading  the  result,  and  of  carrying  the 
frame,  this  instrument  being  known  as 
the  Han  sen- Ausf  eld  planimeter.  Various 
other  instruments  of  the  same  kind  were 
showD  in  the  Great  Exhibition  of  1851, 
but  in  all,  the  motion  of  the  arm  carrying 
the  pointer  was  "  linear ; "  that  is,  the 
motion,  which  must  be  possible  in  every 
direction,  is  obtained  by  compounding 
two  rectilinear  movements,  at  right  angles 
to  each  other.  Such  instruments  are 
therefore  called  "  linear  pi  ammeters." 

Many  different  forms  of  linear  planim- 
eters  have  been  suggested,  but  the  only 
modification  of  the  disk  and  roller  which 
it  will  be  worth  while  to  notice  is  the 


OY,  may  be  taken  as  the  other  axis. 
Then,  as  the  pointer  p  at  the  extremity 
of  the  arm  is  made  to  pass  round  the 
boundary  of  the  figure,  the  disk  will  be 
turned  through  a  distance  proportional 
to  the  travel  along  OX,  while  at  any  in- 
stant the  roller  (m)  is  at  the  same  dis- 
tance from  the  center  of  the  disk  as  the 
pointer  is  from  OX. 

If  yi  =  CB= mean  height  of  element  A  x= 
= width  of  element  AB. 

Then,  by  the  reasoning  already  given, 
the  reading  of  the  roller  which  the 
pointer  passes  over  the  upper  boundary 
of  the  element  AB,  is 

n=y^Ax, 
and  the  final  reading  of  the  roller  is 
N  =  area  of  the  figure  ABDE. 

Hansen,  in  1850,  still  further  improved 
this  instrument,  and,  in  conjunction  with 
Vol.  XXXIII.— No.  5—28 


cone  and  roller. 

Let  MM',  Fig.  4,  be  the  cone  cor- 
responding to  the  disk  M,  and  rolling 
on  the  edge  of  its  two  bases  in  a  direction 
parallel  to  OX.  Let  the  roller  m  always 
be  in  contact  with  a  circle  on  the  cone, 
whose  center  B'  is  at  a  distance  CB' 
from  the  apex  C  of  the  cone,  such  that 


CB'  =  SB: 


:y: 


of^  ele- 


mean   ordinate 

ment  SB. 

where  the  element  AB  is  being  at  that 
instant  integrated.  Adopting  the  same 
notation  as  before,  when  the  cone  has 
rolled  over  the  surface  through  a  distance 
Ax,  then,  whatever  be  the  angle  of  its 
apex,  the  distance  rolled  through  by  the 
roller  m  is 

V 


or 


B 

n.-y^xXsi 


InrK 
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As  might  have  been  anticipated,  the 
expression  is  the  same  as  was  obtained  in 
the  case  of  the  disk,  the  latter  being  a 
special  case  of  the  cone  when  the  vertical 
angle  is  180°. 

Thus  the  cone  may  be  employed  in- 
stead of  the  disk,  and  such  an  instrument 
was  invented  by  Mr.  E.  Sang,  who,  in 
1852,  published  a  description  of  it,  ac- 
cording to  which  the  action  was  extremely 
accurate,  but  it  does  not  appear  to  have 
come  into  very  extensive  use. 

No  more  instruments  of  the  kind  will 
be  described,  since  they  have  given  place 
to  those  in  which  the  arm  carrying  the 
pointer  turns  about  a  center  or  pole,  and 
which  are,  therefore,  called  "polar  plan- 
imeters." 

In  the  year  1856,  Professor  Amsler- 
Laffon  invented  and  brought  before  the 
world  the  now  well-known  polar  planim- 
eter  bearing  his  name,  and,  since  then, 
no  less  than  twelve  thousand  four  hun- 
dred of  these  instruments  have  been 
made  and  sent  out  from  his  works  at 
Schaffhausen.  According  to  authorities, 
which  Professor  Lorber  quotes,  Professor 
Miller,  of  Leoben,  invented  independently 
a  planimeter  of  this  kind  in  the  same 
year  (1856),  which,  being  made  by  Starke, 
of  Vienna,  is  known  as  the  Miller-Starke 
planimeter.  Previous  to  this,  in  1854, 
Decher,  of  Augsberg,  as  well  as  Bounia- 
kovsky,  of  St.  Petersburg  (1855),  had 
improved  upon  previously-existing  forms 
of  polar  planimeter,  though  it  is  well  to 
note  that  the  planimeter s  already  men- 
tioned as  sent  to  the  Great  Exhibition  of 
1851  from  various  parts  of  Europe,  as 
Italy,  Switzerland,  France,  and  Prussia, 
were  all  linear,  and  no  mention  is  made 
of  polar  planimeters  in  the  jurors'  re- 
port. 

The  Amsler  planimeter  is  shown  in 
Fig.  5.  It  consists  of  two  bars,  (a)  the 
radius  bar,  and  (b)  the  pole-arm,  jointed 
at  the  point  C.  The  tracing  point  p, 
which  now  coincides  with  the  point  B  of 
the  figure  ABDE,  is  carried  round  the 
curve,  and  the  roller  m,  which  partly  rolls 
and  partly  slips,  gives  the  area  of  the 
figure ;  and  by  means  of  the  graduated 
dial  h,  and  the  vernier  v,  in  connection 
with  the  roller  m,  the  result  is  given  cor- 
rectly in  four  figures.  The  sleeve  H  can 
be  placed  in  different  positions  along  the 
pole-arm  b,  and  fixed  by  a  screw  s,  so  as 
to   give   readings   in   different  required 


units.  A  weight  at  "W  is  placed  upon  the 
bar  to  keep  the  needle-point  in  its  place, 
but  in  instruments  by  some  other  makers 
T  is  a  pivot  in  a  much  larger  weight, 
which  rests  on  the  paper.  A  recent  minor 
improvement  has  been  to  fix  a  locking 
spring  to  the  frame,  so  that  the  roller 
can  be  held  when  the  planimeter  is  raised 
for  the  purpose  of  reading  it. 

The  theory  of  the  polar  planimeter  may 
be  simply  deduced  from  that  of  the  disk 
and  roller  thus : 

Let  Fig.  6  represent  the  same  disposi- 
tion of  the  disk  M  with  regard  to  the 


figure  ABDE,  as  in  Fig.  2.  but  now  let 
the  roller  ?n  move  round  the  edge  of  the 
disk  instead  of  across  it,  its  distance 
from  OX  being  always  the  same  as  be- 
fore, viz. : 

Ofir=SB=yi. 

The  turning  of  w  for  a  given  travel,  Ace, 
of  the  disk  is  found  thus — draw  Iq  (Fig. 
6a)  tangent  to  the  disk  at  m,  so  that 

lq—  Ax, 

and  draw  Ik  parallel  to  the  axis  of  rota- 
tion of  m,  then  qk  is  the  distance  turned 
through,  and  Ik  is  that  slipped  through 
by  the  edge  of  the  roller  m,  when  the 
disk  has  rolled  through  a    distance  A  x ; 
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therefore,  using  the  same  notation  as  be- 
fore, 

qk=27trni 


and 


ok     2/mi,       .     t    77 

±-  = L=sin  Z  qlk  ; 

Iq        ax  * 


but  in  Fig.  6   ^=^-=sin  OS?. 

But  by  similar  triangles 

lqlk=  /.OSq  =  a; 


parallel  to  OX.  The  turning  of  m  thus 
measures  the  area  of  the  element  as  long 
as  y  does  not  change.  If,  however,  the 
value  of  y  changes  so  that  m  changes  its 
distance  from  OX,  the  measuring  roller 
is  likewise  turned  a  certain  additional 
amount  from  this  cause  ;  but  this  does 
not  affect  the  correct  reading  of  the  area 
so  long  as  its  first  and  last  positions 
are  equally  distant  from  OX.  The  rea- 
son is,  that  then  the  roller  has  turned  as 
much  in  one   direction   in  moving  away 


Fig.  6 


Elg.  6 


Therefore        ^-=% 

XV 


Ax 


or 


n-=^Aa;X2^R- 


This  is  the  same  result  as  previously  ob- 
tained, and  it  has  been  given  in  this  way 
because  there  is  an  important  class  of 
planimeters  to  be  hereafter  described, 
combining  the  polar  planimeter  with  the 
disk  and  roller,  in  which  a  principle  is 
employed  which  is  thus  made  obvious. 
This  principle  is  that  the  turning  of  m  is 
exactly  the  same  as  if  it  were  in  contact 
at  the  point  B,  no  matter  in  what  posi- 
tion it  mav  be  along  the  line  through  B 


from  OX  as  it  has  in  moving  towards  it, 
and  this  is  the  case  for  the  initial  and 
final  positions  of  the  pointer  when  the 
complete  travel  of  the  closed  curve  has 
been  made.  Now,  inasmuch  as  the  ve- 
locity of  the  edge  of  the  disk  is  just  the 
velocity  at  which  the  center  has  been 
shown  to  move  along  OX,  the  disk  may 
be  removed  altogether.  The  roller  is 
then  moved  in  contact  with  the  surface 
of  the  figure  and  with  identically  the 
same  amount  of  turning  as  before,  pro- 
vided that  its  plane  of  rotation  is  turned 
so  as  to  make  the  same  angle  with  OX 
(which  is  now  its  direction  of  transla- 
tion), as  it  did  before  with  the  direction 
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of  motion  of  the  edge  of  the  disk  in 
contact  with  it.  This  is  the  case  when  it 
is  turned  through  that  angle,  and  then 
its  axis  of  revolution  coincides  with  the 
radius  S^. 

In  order  to  keep  the  direction  of  the 
plane  of  rotation  always  at  right  angles, 
it  is  only  necessary  to  have  a  rod  or  bar 
f$q  capable  of  turning  on  a  pin  at  the 
point  S.  The  pin  at  S  is  attached  to  a 
sleeve,  which  can  freely  move  along  a 
guide-bar,  whose  direction  coincides  with 


ing  along  the  straight  line  OX,  which 
may  be  considered  as  a  portion  of  a 
circle  with  its  center  infinitely  distant, 
moves  along  the  arc  SZ  (Fig  7),  or  any 
other  arc,  as,  for  instance,  that  with  ra- 
dius TO,  the  instrument  becomes  the  or- 
dinary Amsler  p]  ammeter  (shown  in  dot- 
ted lines).  This  explanation,  so  far,  is 
based  upon  that  given  by  Sir  Frederick 
Bramwell,  who  has  further  shown  that 
the  change  from  the  motion  in  a  straight 
path  to  that  in  the  arc  of  a  circle  has  no 


the  axis  OX.  By  employing  the  bar  qSq1 
itself  as  the  axis  of  rotation  on  which  m 
turns,  the  simple  planimeter  shown  in 
Fig.  7  is  obtained,  in  which  the  point 
of  contact  of  the  measuring  roller  is 
made  to  pass  around  the  diagram. 
The  turning  of  the  roller  m  correctly 
gives  the  superficial  contents.  The  roller 
can  be  moved  to  any  position  on  the  rod, 
such  as  shown  in  dotted  lines,  Fig.  7, 
without  in  any  way  affecting  its  result- 
ant turning,  and  the  former  point  of  con- 
tact of  the  roller  is  replaced  by  a  pointer, 
which  is  made  to  follow  the  curve  instead 
of  the  roller.  Professor  Burkett  Webb 
has  described  to  the  author  a  planimeter 
of  this  form  used  in  the  United  States, 
known  as  "  Coffin's''  planimeter. 

If,  finally,  the  point  S,  instead  of  mov- 


effect  upon  the  ultimate  reading  when  the 
complete  travel  around  the  closed  curve 
has  been  made,  and  the  arm  SB  has  re- 
turned to  initial  position.  The  following 
demonstration  of  the  truth  of  this  ap- 
pears, however,  to  have  an  advantage,  in 
that  it  follows  throughout  the  operation 
of  integration,  especially  as  recent  plan- 
imeters  are  more  complicated  than  that 
of  Amsler. 

1st.  Let  point  S  (Fig.  8),  at  the  ex- 
tremity of  the  radius  rod,  move  along 
the  broken  line  STUVWXYZ,  and  from 
these  points  draw  arcs  with  a  common 
radius =R,  cutting  the  curve  in  points 
tj^  w,w2,  v^Vtf  &c,  s  and  z  being  tangent 
points  at  the  end  of  the  curve  from  the 
points  S  and  Z.  The  proof  has  already 
been  given  that  the  integration  of  the 
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complete  portion  stj^,  taken  separately,  is 
given  by  the  reading  of  the  measuring 
roller ;  so  also  are  given  the  areas  of  the 
various  other  portions,  t^ijij,^  &c.  If 
the  separate  portions  were  integrated 
consecutively,  any  arc,  such  as  ttt2,  would 
be  traversed  in  both  directions  by  the 
measuring  roller,  because  it  would  move 
one  way  around  in  traversing  one  figure 
and  the  apposite  way  in  going  around  the 
adjacent  one,  and  the  reading  due  to  the 
arc  would  be  eliminated. 

Thus   the   whole   curve   may  be  inte- 


be  traversed  and,  so  long  as  the  point  S 
returns  to  its  initial  position,  the  area  of 
the  figure  is  given  by  the  simple  traverse 
of  its  boundary,  whatever  be  the  curve 
on  which  the  point  S  moves,  which,  in 
the  case  of  the  Amsler  planimeter,  is  a 
circular  arc. 

Various  writers  have  explained  the  ac- 
tion of  the  simple  polar  planimeter  in 
ways  more  or  less  different.  One  of 
these  ways,  recently  given  by  Mr.  F. 
Brooks,  of  Lowell,  U.  S.,  may  be  alluded 
to.     He  shows    that    the  area    may   be 


Fig.  3 


grated  correctly  at  once  without  going 
round  each  separate  portion  formed  as 
above,  even  if  the  point  S  at  the  end  of 
AB  moves  upon  a  broken  line  instead  of 
along  OX.  Next,  substitute  a  continu- 
ous curve  TUYXYZ  (Fig.  8a)  for  the 
broken  line.  This  curve  may  be  sup- 
posed to  consist  of  an  infinite  number  of 
straight  portions.  The  infinitely  small 
portions  contained  between  an  arc,  as 
uxu^  and  another  very  close  to  it,  drawn 
from  the  beginning  and  end  of  these 
straight  portions,  may,  just  as  in  the  case 
of  the  broken  line,  be  supposed  to  be  in- 
tegrated separately  and  with  a  correct 
result,  which  is  independent  even  of  a 
possible  crossing  of  the  arcs,  as  vxv2  and 
uxu„.  In  the  same  way  as  before,  it  may 
be  seen  that  the  arcs  u,u„,  etc.,  need  not 


treated  as  the  difference  between  the  area 
swept  out  by  the  line  T/>  (Fig.  9)  and  the 
sector  of  the  zero  circle,  or  circle  upon 
whose  circumference  the  pointer  {p)  be- 
ing moved,  the  measuring  roller  is  not  in 
consequence  turned.  This  is  true,  both 
for  the  outside  or  inside,  if  proper  signs 
be  taken.  Let  the  element  of  area  pq  be 
passed  over,  the  curve  at  p  being  for  a 
small  distance  considered  concentric  with 
the  zero  circle,  this  small  area  subtending 
an  angle  w  at  the  center ;  then,  if  values 
be  taken  as  shown  upon  Fig.  9,  in  which 

CT = radius-bar = a;  * 

Cp  =one  portion  of  pole-arm =  b  ; 

Cm  =  the  other  portion  of  pole-arm 
=  c; 

Area  pq=\io  (a2  +  5a-f  2ab  cos  8)  —\w 
(cr  +  b'i-{-2cb)=iob  (a  cos  6— c), 
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and,  by  a  geometrical  construction,  the 
travel  of  the  measuring  roller  is  easily 
shown  to  be  equal  to  the  same  expres- 
sion. Mr.  Brooks  also  explains  why  the 
area  of  the  zero  circle  must  be  added  to 
the  reading  if  the  figure  to  be  integrated 
contains  the  center  T.  The  following  ap- 
pears, however,  to  be  a  still  simpler  ex- 
planation. Referring  to  Fig.  7,  it  is  evi- 
dent that  going  around  the  outside  of 
the  zero   circle  corresponds  to  a  move- 


corded  result.  This  quantity  is  evident- 
ly the  area  of  the  zero  circle  in  the  case 
of  the  Amsler  planimeter,  which  must, 
therefore,  always  be  added  to  the  result 
when  the  center  of  the  radius-arm  is 
within  the  diagram  to  be  measured. 

As  the  Amsler  planimeter  alone,  so 
far  as  the  author  is  aware,  has  been 
modified  to  measure  the  area  of  any  non- 
developable  surface,  this  modification 
may  be  here  noticed.     The  only  surface 


T'ig.  9 


ment  taken  continuously  above  the  zero 
line  OX  when  only  the  portion  above  OX 
is  measured.  In  this  latter  case  the 
curve  could  never  be  completely  trav- 
ersed as  long  as  the  pointer  moves  in 
one  direction.  Suppose,  however,  that 
the  ends  of  OX  are  bent  round  and 
brought  within  the  figure,  then  the  mo- 
tion in  one  direction  will  enable  the  com- 
plete circuit  to  be  made ;  but  only  the 
portion  outside  the  line,  i.  e.,  correspond- 
ing to  that  originally  above  OX,  will  be 
measured  by  the  roller,  and  that  within 
must  consequently  be  added  to  the  re- 


of  the  kind  to  which  it  has  been  adapted 
is  a  spherical  one.  Fig.  10  shows  the 
instrument,  and  from  that  figure  it  will 
be  seen  that  the  chief  alteration  is  the 
placing  of  two  joints  j  f,  one  upon  the 
radius-bar  (a),  and  the  other  upon  the 
pole-arm  b,  so  as  to  allow  the  employ- 
ment of  the  integrator  for  surfaces  of  va- 
rying curvature.  The  joints  are  equi- 
distant from  the  end  of  each  bar,  and 
exactly  opposite  to  each  other — the  ra- 
dius-bar and  pole-arm  being  now  of  equal 
length,  and  a  pin  f  is  placed  on  (a), 
which  fits  into  a  corresponding  recess  in 
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(&),  so  that  when  the  two  arms  are  closed, 
they  can  be  together  bent  at  the  joints 
to  the  required  amount,  and,  the  joints 
being  purposely  made  stiff,  they  will  re- 
main at  the  proper  angle  when  the  in- 
strument is  used.  The  joint  (j)  acts  so 
that  the  tracing  point  ( p)  is  always  in  the 
place  of  the  axis  of  rotation  of  the 
measuring  roller.  The  theory  of  the  ac- 
tion of  this  instrument  has  been  fully 
explained  by  Professor  Amsler,  in  an  ar- 
ticle in  which  the  theory  of  the  relations 
between  measurement  upon  a  spherical 
surface  and  upon  a  plane  surface  is  dis- 
cussed. 


S.  This  setting  causes  the  reading  of 
the  instrument,  when  the  diagram  is 
traversed  by  the  pointer  in  the  usual  way, 
to  give  at  once  the  mean  height  of  the 
diagram  in  fortieths  of  an  inch.  The 
simple  relation  is  as  follows : 

Beading  of  measuring-roller = 
40 
=  Mean   height     of    dia- 
gram in  inches. 
Mean   pressure = Mean    height  X  vertical 
scale  of  diagram. 
As  an  instance  of  the  great  saving  of 
labor  by  the  use  of  the  Amsler  planimeter, 


Fig.  10 


Fia.  11 


The  various  applications  of  the  simple 
planimeter  for  finding  areas  are  well 
known,  and  need  not  be  explained ;  but 
there  are  some  slight  modifications  of  the 
instrument  for  special  purposes,  and  one 
of  these  recently  applied  by  Professor 
Amsler  to  his  planimeter  is  worth  notic- 
ing. This  is  illustrated  at  Fig.  11,  and 
is  a  device  for  reading  at  once  the  mean 
pressure  given  from  an  indicator  dia- 
gram. Two  points,  U  and  Y  are  seen, 
one  (U)  being  upon  the  upper  side  of  the 
bar  A,  which  slides  in  the  tube  H,  and 
one  ( V)  upon  the  tube  H  itself.  These 
points  can  be  adjusted  to  the  length  of 
the  diagram  by  inverting  the  instrument 
in  the  way  shown  in  the  figure,  and  the 
sliding-bar  is  then  clamped  by  the  screw 


the  author  happens  to  know  a  civil  en- 
gineer's office,  where  a  large  amount  of 
earthwork  quantities  had  to  be  taken 
out,  the  calculations  proceeded  slowly 
and  with  many  repetitions,  until  one  of 
the  draftsmen  procured  a  planimeter, 
and  then  the  other,  with  the  result  of  a 
great  expedition  of  the  work,  and  almost 
the  complete  absence  of  errors — and  even 
then  only  in  decimal  places — where  pre- 
viously the  divergence  had  been  as  much 
as  by  units. 

Although  the  connection  between  the 
disk  and  roller  or  linear  planimeter  and 
the  polar  planimeter  has  been  shown,  it 
is  possible  to  regard  them  as  acting  upon 
different  principles.  The  former  may  be 
considered  as  measuring  the  variation  in 
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the  ordinate  (y)  by  a  change  of  effective 
radius  of  the  circle  on  which  the  measur- 
ing-roller works,  the  latter  measuring  the 
same  thing  by  a  corresponding  change  in 
the  sine  of  the  angle  which  its  plane  of 
rotation  makes,  with  its  direction  of  mo- 
tion over  the  surface  on  which  it  rolls. 
They  have,  in  fact,  been  classified  in  this 
way  as  radius  machines,  and  sine  or 
cosine  machines,  for  the  slipping,  al- 
though occurring  in  both,  appears  in  the 
ordinary  way  of  viewing  the  subject  to 
affect  the  result  in  different  ways.  In  the 
former,  slipping  is  supposed  to  be  entirely 
due  to  the  variation  in  the  value  of  (y), 
and  only  takes  place  when  the  ordinate 


describing  a  few  different  forms  of  the 
best  of  these  instruments,  the  general 
theory  upon  which  they  work  will  be 
given  ;  it  will  then  not  be  difficult  to  un- 
derstand the  action  of  the  several  instru- 
ments without  repeating  the  explanation 
in  each  case.  It  will  be  found  that  both 
the  linear  and  polar  planimeter  are  only 
special  cases  of  application  of  the  general 
principle  upon  which  the  correctness 
of  action  of  precision  planimeters  de- 
pends. 

It  will  be  well  to  approach  the  matter 
from  the  same  point  of  view  as  in  explain- 
ing the  linear  planimeter.  Let  the  disk 
M,  Fig.  12,  rotate  about  an  axis  C  as  it 


JFig.lS 


in  value ;  in  the  latter,  the 
change  is  supposed  to  be  effected  by 
turning  the  pole-arm  about  its  center, 
without  any  slipping  at  all.  This  dis- 
tinction is,  however,  quite  an  imaginary 
one,  for  it  will  be  seen  that  if  the  curve 
be  obliquely  inclined  in  either  case  to  the 
axis  OX,  the  action  of  the  measuring 
roller  is  precisely  the  same.  Recently,  a 
large  number  of  what  are  called  "  Pre- 
cision Polar  Planimeters,1'  have  been  de- 
signed and  constructed,  which  combine 
in  an  obvious  manner  the  above  two  prin- 
ciples of  action,  the  disk  giving  motion 
to  the  roller,  while  the  pole-arm  carries 
it  across  the  disk  in  an  oblique  direction. 
Thus,  the  advantages  of  a  uniform  and 
invariable  surface  of  contact  for  the  roller, 
and  the  convenience  of  the  polar  plan- 
imeter are  combined,  with  the  still  more 
important  advantage  of  a  large  relative 
turning  of  the  measuring  roller.     Before 


rolls  along  the  line  PQ,  parallel  to  OX, 
the  pivot  on  the  axle  at  C  being  attached 
to  a  frame  which  also  carries  another 
pivot  S.  This  latter  pivot  always  lies 
upon  OX,  and  about  it  rotates  a  pole-arm 
b,  carrying  a  pointer  p  at  one  end,  and 
the  measuring-roller  m  at  the  other  end. 
The  plane  of  rotation  of  the  measuring- 
roller  coincides  with  the  direction  of  the 
pole-arm,  and  is  carried  over  the  disk  in 
contact  with  it,  along  the  arc  mm'.  Then 
from  what  was  proved,  p.  402,  the  motion 
of  the  roller  m  is  exactly  the  same  as  if 
it  were  moved,  so  that  its  axis  always  co- 
incides with  Cj,  the  perpendicular  upon 
the  pole-arm  from  the  center  of  the  disk 
— provided  only  that  its  axis  is  always 
parallel  to  this  line.  Thus,  adopting  the 
previous  notation,  and  taking 

Sjt2=length  of  upper  portion  of  pole- 
arm  =R. 
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Then  when  the  disk  rolled  through  a 
distance  acc, 

^^reading  of  roller  m 

2/x  =  ordinate  SB. 

turning  of  roller        _JLnmy  _ 


distance  turned  by  edge 


Ax 

=cs=Bm  a 


arm  S  must  be  taken  parallel  to  the  guide 
P'Q',  that  is,  perpendicular  to  the  former 
direction.  It  has  already  been  shown  in 
the  case  of  the  Amsler  planimeter,  that  it 
does  not  matter  in  what  path  the  center 
S  of  the  pole-arm  is  carried,  so  long  as 
the  foregoing  conditions  are  observed, 
and  thus  there  are  several  forms  of  pre- 
cision polar  planimeters  in  which  the 
point  S  is  carried  in  the  arc  of  a  circle 


Fig.  13 


but 

therefore 
or 


S'B     y      . 
SB=B=Sma 


\7trn. 


Ax 


.y. 

R' 


^A*X2^R' 
which  is  the  same  result  as  in  the  case  of 
both  the  linear  and  polar  planimeters.  In 
practice,  the  portion  of  the  pole-arm 
which  carries  the  pointer  is  usually  per- 
pendicular to  the  other  portion,  as  shown 
by  the  dotted  lines,  Fig.  12.  In  this 
case,  the  direction  of  motion  of  the  disk 
and  frame  carrying  the  center  of  the  pole- 


instead  of  along  a  straight  line.  It  may 
now  be  made  clear,  from  Fig.  13,  that 
the  first  two  kinds  of  planimeters  are 
special  cases  of  the  last. 

(A)  Fig.  13.  Let  R  be  the  radius  of 
the  disk,  Rx  the  radius  about  which  the 
roller  m  is  carried.  Then  the  area  of 
the  diagram  as  already  explained  can  be 
measured  by  either  pole-arm  S^>  or  Sp'. 

(B)  Fig.  13.  Let  the  radius  R,  of  the 
pole-arm  become  infinitely  great,  while  R 
remains  finite ;  thence  m  moves  across 
the  disk  M  in  a  straight  line  usually,  but 
not  necessarily,  through  the  center,  and 
the  linear  planimeter  is  the  result. 
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(C)  Fig.  13.  Let  the  radius  of  the 
disk  become  infinitely  great,  and  any 
motion  of  such  an  imaginary  disk  under 


as  shown  at  m  or  m\  without  affecting 
the  result. 

The  following  is  a  simple  explanation 


iFis.  14 


X 


JFig.  15 


m 


/^t^sG 


Fig.  16 


these  conditions  would  make  the  result 
equivalent  to  moving  the  roller  over  the 
surface  of  the  paper.  Therefore  the  disk 
may  be  removed,  and  the  elementary 
form  of  polar  planimeter  is  obtained,  the 
roller  being    placed   in   either    position 


of  the  action  of  the  precision  polar  plan- 
imeter : 

Let  M  (Fig.  14)  be  the  disk,  which  can 
be  turned  by  any  suitable  means  through 
a  distance  corresponding  to  the  linear 
travel  of  its  center  about  C. 


MECHANICAL   INTEGRATORS. 


411 


Let  r0=radius  of  zero  circle  (E'ES')« 
r= radius  of  any  circle  FF'. 
a=  I  turned    through    by    pole- 
arm,  when  the  pointer  moves 
from   the   zero    circle   to   the 
circle  FF'. 
<p=  Z  turned    through   by   radius 
arm,    CS,   when    an    element 
EE'  F'F  is  being  described. 


where  c  and  d  are  constant  quantities ; 
also  if  p  equal  the  radius  of  the  roller. 
y  _  linear  distance  by  edge  of  roller 
enE,— distance  traveled  by  edge  of  disk 
_27tpn1 


■y= 


ra(pc 
27tRpnl  t 


Fig.  17 
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a = radius  arm=CS'. 

5=pole-arm=FS\ 

d=SS'. 

Then  from  the  figure — 

and  r;=a*  +  b* 

r^tf  +  V-lab  cos  (90  +  «) 
=a?  +  V2  +  2ab  sin  a. 
Therefore  r2=r*  +  2ab  sin  a, 


or 


sin  a: 


2ab 


Now  the  turning  of  the  plate  is  pro- 
portional to  (A,  and  may,  for  the  arc  FF', 
be  taken  as  equal  to  rjpc. 

y=SK=SS'  sin  zSS'K=dsin  a, 


Therefore —— l- = d 

rt(pc 


sin  a: 


dX  (r> 


2ab 


or 


but 


'1_      2     ^TrRpaft/' 


,cd 


Upab, 
ris   a   constant   quantity,  and 


IrtHpab 
may  be  made  equal  to  unity. 

r2  — r  2 
Therefore  »j= — ^-</'=area   of  ele- 
ment EE'FF'. 

Thus  n1  is  a  measure  of  an  element  of 
area,  and  as  the  motion  of  m  due  to  the, 
turning  of  the  pole- arm  in  moving  to  a 


412 


van  nosteand's  engineering  magazine. 


larger  or  smaller  circle  does  not  affect 
the  reading  when  the  pointer  at  F  has 
passed  round  a  closed  curve,  the  final 
reading  of  the  roller  gives  the  area  of 
any  figure. 

The  actual  construction  of  the  pre- 
cision polar  planimeter  appears  to  have 
been  first  carried  out  by  Mr.  Hohmann, 
Bauamtmann  of  Bamberg,  in  1882,  in 
conjunction  with  the  well-known  mechan- 
ician Mr.  Coradi,  of  Zurich.  A  plan  of 
the  first  instrument  is  given  in  Fig.  16 ; 


ing  frame.  The  roller  m  has  the  ar- 
rangement of  the  screw  and  worm  for 
obtaining  the  readings  of  the  dial  h,  as 
in  the  Amsler  planimeter,  and  also  the 
vernier  in  conjunction  with  the  measur- 
ing roller.  Two  rollers,  /  /',  serve  to 
balance  the  instrument.  The  details  of 
the  arrangement  by  which  the  length  of 
the  pole-arm  b  is  adjusted  are  also  shown 
on  a  larger  scale. 

In  this  instrument,  the  fact  that  the 
disk  is  inclined  at  an  angle  makes  no 


Fisrs.  SO  and  21 
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but  it  will  be  more  easily  understood  by 
reference  to  the  diagram,  Fig.  15,  which 
shows  a  frame  (a)  pivoted  at  one  end  (c) 
to  a  weight  (G),  about  which  it  turns. 
This  frame  carries  a  small  disk  (w),  which 
rolls  in  contact  with  the  surface  of  the 
diagram,  and  gives  motion  to  the  disk 
M.  The  roller  m  is  moved  across  the 
disk  in  the  horizontal  direction  by  a 
pole-arm  centered  on  S  as  axis.  Re- 
ferring to  Fig.  16,  which  is  lettered  in 
a  similar  way  to  Fig.  15,  it  will  be  seen 
how  the  pole-arm,  in  turning  about  the 
center  S,  effects  this  motion.  A  plan  and 
elevation  of  the  frame  F,  which  carries 
the  roller  m,  is  shown  on  a  larger  scale, 
and  this  frame  is  moved  backwards  or 
-orwards  through  a  slot  in  the  support- 


difference  in  the  theory  of  its  action,  and 
as  the  roller  W  obviously  drives  the  disk 
so  that  the  angular  motion  corresponds 
with  the  angular  motion  of  the  radius  bar 
a,  the  explanation  already  given  makes 
its  mode  of  operation  clear.  The  case  is 
rather  simplified  by  the  fact  that  the 
roller  m  is  moved  radially  across  the 
disk. 

An  instrument  of  similar  kind  has  been 
designed  and  recently  described  by  Pro- 
fessor Amsler-Laffon.  This  is  shown  in 
Figs.  17,  18  and  19,  where  it  will  be  seen 
that  this  disk  M,  which  is  now  horizon- 
tal, is  turned  by  means  of  bevel-wheels 
z1  2g,  the  back  of  one  of  which  forms  a 
portion  of  a  frustum  of  a  cone  rolling 
about  the  center  C  of  the  radius -arm  a  a. 
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The  center  is  itself  a  sphere,  which  al- 
lows any  side  motion  of  the  instrument 
due  to  the  inequality  of  the  surface  to 
take  place  without  affecting  the  accuracy 
of  the  result.     The  necessary  pressure  cf 


the  centers  being  purposely  adjusted'to 
effect  this.  The  frame  can  be  taken  off 
one  center,  s'  (Fig.  17),  by  unscrewing  a 
set  screw  at  x,  and  at  once  placed  upon 
the  other.    The  weight  w  can  be  adjusted 


Fig.  22 


•v^_ 


the  roller  upon  the  disk  is  obtained  by 
allowing  the  weight  of  the  portion  of  the 
frame  b  which  carries  the  roller  m  to  rest 
upon  the  disk  by  being  pivoted  by  the 
centers  KK  (Fig.  18).  A  peculiar  fea- 
ture of  the  instrument  is  that  the  pole- 
arm  frame  can  be  centered  either  within 
or  without  the  frame.  If  placed  in  the 
former  position,  the  reading  is  twice  as 
great  as  in  the  latter,  the  positions  of 


in  any  position  by  means  of  the  nut  and 
screw  t  (Fig.  17),  and  so  the  pressure  of 
the  pointer  p  upon  the  surface  of  the 
diagram  may  be  regulated. 

In  both  the  above  instruments  the 
disks  derive  their  motion  from  a  roller 
in  contact  with  the  surface  of  the  dia- 
gram, but  in  the  next  two  instruments  to 
be  described,  Messrs.  Hohmann  and  Co- 
radi  have  caused  the  disk  to  be  turned  in 
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a  manner  which  prevents  any  such  error 
as  from  the  possible  slipping  of  the  above 
roller.  The  first  instrument  of  the  kind 
is  shown  (Figs.  20,  21)  in  plan  and  ele- 
vation. The  disk  M  is  carried  by  a  frame 
{ad)  as  before,  but  the  frame  now  swings 


porting  the  portion  which  carries  the 
roller  (m),  so  that  by  means  of  centers 
KK  the  weight  of  that  portion  of  the 
frame  is  allowed  to  rest  upon  the  disk. 

It  is    evident    that    this    instrument 
works  upon  identically  the  same  printi- 


ngs. 25,26  and.  27 


b     PLAN 


about  a  circular  stand,  the  edge  of  which 
is  toothed,  so  that  the  pinion  (i),  which 
is  upon  the  axis  of  the  disk,  is  turned, 
and  therefore  the  disk  itself,  with  the 
same  angular  velocity.  The  weight  of 
the  frame  and  disk  is,  to  a  great  extent, 
taken  off  by  means  of  the  light  rod  (I), 
which  swings  about  a  central  pillar  P. 
A  side  view  of  the  pole-arm  is  shown, 
and  the  mode  of  adjusting  it  and  sup- 


ples as  the  foregoing  ones.  This  "Freely 
swinging  "  precision  planimeter  was  fol- 
lowed by  another,  called  the  "  Plate  " 
planimeter  (Fig.  22),  which  is  of  still 
simpler  construction.  In  this  form  ad- 
vantage is  taken  of  the  fact  that  the 
measuring  roller  need  not  have  its  path 
through  the  center  of  the  disk,  and  a  sup- 
port (v)  is  obtained  above  the  disk,  so 
that  its  pivot  (q)  can  work  between  cen 
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ters,  the  weight  of  the  frame  being  sup- 
ported by  rollers  (j).  The  portion  of 
the  pole-arm  which  carries  the  roller  (m) 
is  (as  in  the  last  case)  pivoted  between 
the  centers  KK.  The  dial  for  higher 
readings  is  as  in  the  case  of  the  previous 
instruments  denoted  by  h. 

The  last  and  most  recent  modification 
is  the  "  Rolling  planimeter,''  of  Coradi. 
This  approaches  nearest  to  the  diagram 


works  upon  the  centers  ee,  which  are  set- 
screws  in  the  frame  (aa).  The  disk  M 
is  also  carried  between  centers  (qq),  as  in 
the  instrument  last  described,  and,  also, 
as  in  that  case,  the  path  of  the  roller  does 
not  pass  through  the  center  of  the  disk. 
This  instrument,  which  has  many  advan- 
tages, and,  notwithstanding  that  it  rolls 
on  the  diagram  surface,  gives  results  of 
great  accuracy,  has  been  examined  with 
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(Fig.  12),  which  completely  explains  its 
action.  Here  the  ce  nter  of  the  |radius- 
arm  is  removed  to  an  infinite  distance, 
and  the  center  of  the  disk  and  that  of  the 
pole  arm  are  carried  along  straight  lines 
parallel  to  the  axis  OY  in  that  figure. 
The  way  in  which  this  is  effected  is  seen 
from  Figs.  23  and  24,  which  show  Co- 
radi's  rolling  planimeter  in  plan  and  ele- 
vation. Two  rollers  {cc')  are  in  contact 
with  the  surface  of  the  diagram,  and  on 
their  axis  is  a  bevel  wheel  (s,)  (Fig.  24), 
which  gears  with  another  bevel-wheel  (z2), 
which  is  upon  the  axis  of  the  disk.  Thus 
the  wheels  zx  z2  are  turned  as  the  frame 
is  rolled  along,  and,  consequently,  the 
disk  itself.     The   axis  of  the  rollers   cc 


great  care  by  Professor  Lorber,  who  has 
given  a  lengthy  description  of  it  and  a 
full  account  of  its  theory. 

The  last  planimeter  of  this  kind  to  be 
examined  is  one  by  Professor  Amsler. 
This  instrument,  shown  in  Figs.  25,  26, 
27,  differs  from  the  last  in  that  the  tooth- 
wheel  z2  works  in  gear  with  a  rack  zx  z\, 
which  is  cut  upon  a  fixed  frame  DD. 
Thus,  although  it  is  supported  by  the 
rollers  cc,- there  is  no  possibility  of  slip- 
ping as  far  as  the  turning  of  the  disk  is 
concerned.  The  rollers  run  in  a  groove 
cut  in  the  frame  DD,  and  the  action  of 
the  instrument  is  easy  and  smooth.  The 
theory  of  its  action  is  identical  with  that 
of   the  foregoing   one,   as  explained  by 
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means  of  the  diagram  (Fig.  1%).  The 
various  parts  are  lettered  in  the  figures 
to  correspond  with  the  explanations  of 
that  instrument  previously  given. 

In  the  instruments  hitherto  described 
the  surfaces  of  revolution  are  limited  to 
the  disk  and  cone,  but  various  other  sur- 
faces may  be  made  to  replace  these.  The 
only  one  that  has  been  so  employed  is 
that  of  the  sphere;  and  in  the  present 
class  of  instruments,  in  which  slipping 
takes  place,  the  following  property  of  the 
sphere  is  made  use  of :  Let  a  sphere  M 
(Fig.  28),  which  replaces  the  disk  (Fig. 
2),  roll  along  the  axis  OX.  Then  sup- 
pose the  roller  m  can,  by  suitable  means, 
be  moved  round  the  surface  so  that  its 
plane  of  rotation  shall  always  contain  the 
center  of  the  sphere  and  be  perpendicular 
to  the  arm  CB,  which  corresponds  to  the 
pole-arm  of  the  former  instruments ;  it  is 
evident  that  if  the  perpendicular  be 
drawn  from  q,  the  point  of  contact  of  m 
with  the  sphere,  to  CZ  the  axis  of  rota- 
tion of  the  sphere,  meeting  it  in  the  point 
u,  the  line  qu  is  the  radius  of  the  rolling 
circle  of  contact  of  the  measuring  roller. 
n,        .       motion  of  measuring  roller 

Therefore  — -, -„ — r- r^ — 7^  = 

motion  ot  sphere  along  OX 

qu      qu 

=  cv=2c=sm  "■ 

But  from  the  figure;^ =^^=  sin  a. 

Therefore,  adopting  the  same  notation  as 
hitherto  used, 


motion  of  m_27rm1_y 
motion  of  M~~    Ax  ~R 

which  proves  that  the  area  of  the  curve 
may  be  measured  by  any  device,  on  the 
principle  of  Fig.  28.  It  may  be  shown 
in  the  same  way  as  on  p.  18,  that  the  re- 
sult is  similar  if  the  sphere  rolls  upon  the 
arc  of  a  circle,  about  any  center  as  T, 
instead  of  along  the  straight  line  OX. 
Planimeters  of  this  kind  have  been  con- 
structed by  Mr.  Hohmann  and  Professor 
Amsler.  In  both  cases  only  portions  of 
the  whole  surface  of  a  sphere  have  been 
employed,  and  the  motion  is  given  by 
means  of  an  axis,  instead  of  by  rolling  the 
spherical  surface  upon  the  diagram.  In 
Mr.  Hohmann's  planimeter,  shown  in 
plan  and  elevation,  Fig.  29,  the  concave 
surface  M  is  used.  Rotation  is  given  to 
this  by  means  of  an  axis  gg,  an  enlarged 
portion  of  which  (r)  rolls  upon  a  circular 
metal  path  R.  The  pole-arm  P  turns 
about  a  center  c,  and  so  causes  the  rolling 
circle  of  the  measuring  roller  m  to  vary 
according  to  the  foregoing  principles. 
This  instrument  has  not  come  into  use. 
Professor  Amsler  has  employed  the  con- 
vex surface  in  an  instrument  somewhat 
similar  to  the  one  described,  except  that 
better  provision  is  made  for  obtaining 
the  required  pressure  between  the  sur- 
face of  the  roller  and  sphere,  and  for 
giving  rotation  from  the  roller -path. 


HOW  MUCH  VENTILATION  I 

By  JAMES  L.  GEEENLEAF,  C.  E.,  School  of  Mines,  Columbia  College. 
Written  for  Van  Nostband's  Engineering  Magazine. 


The  topic  Ventilation  has  been  treated 
by  so  many  writers,  and  from  so  many 
points  of  view,  that  it  may  seem  unneces- 
sary to  dwell  upon  it  any  further.  The 
apology  for  doing  so  lies  in  the  desire  to 
clear  away  from  the  minds  of  some  peo- 
ple a  feeling  that  the  asserted  require- 
ments of  ventilation  are  made  by  enthu- 
siasts and  hobby  riders.  This  impression, 
more  or  less  vague  though  it  be,  possesses 
many  practical  men,  influential  in  their 
professions. 


And  why,  it  may  be  asked,  are  they 
thus  influential?  Is  it  not  because  of 
devoting  their  attention  to  some  one 
branch  of  work,  becoming  specialists  in 
that  branch  ?  They  naturally  resent  the 
rejection  of  their  dictum  by  any  one  who 
has  not  by  special  training  fitted  himself 
to  judge  the  matter  ;  even  as  the  archi- 
tect would  look  with  disgust  upon  the 
surgeon  who  asserted  that  he  could  build 
houses  because  he  had  studied  the  frame- 
work of  the  human  body.     They  demand 


HOW   MUCH  VEJSTILATIOX 


417 


faith  on  the  part  of  others  in  their  asser- 
tions, and  rightly  so,  bnt  they  must  make 
a  like  return.  This  law  of  reciprocity  is 
an  essential  requirement  of  specialism, 
which  word  is  at  the  very  foundation  of 
success  in  modern  arts  and  modern  sci- 
entific work. 

Therefore,  when  men  of  talent,  who 
have  given  their  time  to  the  study  of 
hygiene  and  kindred  subjects,  assert  cer- 
tain facts  and  give  certain  data  regard- 
ing ventilation,  let  us  believe  that  there 
is  some  basis  for  what  they  say,  and  that 
the  data  which  they  give  us  are  correct. 
There  is  a  definite,  practical  reason,  and, 
therefore,  a  scientific  one,  for  the  asser- 
tion that  under  ordinary  circumstances  a 
human  being  requires  a  given  amount  of 
fresh  air  in  a  given  time,  for  health.  The 
fact  that  he  can  be  proved  to  have  lived 
to  old  age  on  a  much  smaller  allowance 
is  no  argument  against  it,  any  more  than 
is  the  fact  of  persons  living  to  old  age  in 
poverty  an  argument  against  the  expense 
of  a  table  well  supplied  with  healthy  and 
nourishing  food. 

An  attempt  may  be  made  to  rehearse 
the  main  features  of  the  reasoning  that 
leads  to  the  requirements  of  modern 
science  regarding  amounts  in  ventilation. 
It  will,  perhaps,  serve  to  help  the  faith  of 
some  doubting  or  skeptical  person,  puz- 
zled by  seeing  thousands  living  around 
him  in  apparent  health  and  in  blissful  ig- 
norance that  there  is  such  a  thing  as  bad 
air. 

In  the  first  place,  the  object  of  ventila- 
tion of  buildings  is  to  provide  air  for  the 
inmates  that  shall  be  healthy  for  breath- 
ing, and  not  disagreeable  to  the  senses. 
This  necessitates  a  change  of  air,  because 
operations  are  constantly  going  on  that 
tend  to  make  it  objectionable.  What  are 
these  operations'?  First  in  importance 
is  man  himself,  not  because  he  is  always 
the  chief  source  of  vitiation,  but  the  cal- 
culation of  the  amount  required  by  him 
must  generally  be  considered,  for  he  is 
always  present  where  ventilation  is  need- 
ed. After  man  come  what  may  be  styled 
the  accidental  source  of  vitiation,  such  as 
gas  lights  and  lamps,  gases  from  stoves 
and  poor  furnaces,  the  odors  of  the  vari- 
ous domestic  operations,  and  the  gases 
and  mechanical  impurities  arising  from 
different  manufacturing  industries.  Some 
would  also  include  the  gases  and  disease 
germs  which  in  too  many  houses  escape 
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from  drainage  pipes  into  the  rooms.  It 
does  not  seem  consistent,  however,  to 
allow  in  a  statement  of  sources  of  im- 
purity to  be  recognized  and  allowed  for, 
one  that  should  never  be  tolerated  for  an 
instant. 

All  the  special  sources  of  vitiation  are 
variable  in  amount  and  in  occurrence. 
They  may  cease  entirely.  Not  so  with 
man.  He  is  a  pump  for  inhaling  pure 
air  and  exhaling  bad  air,  and  the  machine 
keeps  on  its  pulsation  day  and  night, 
winter  and  summer,  until  death  removes 
the  power  and  the  breath  ceases.  It  is 
easy  to  see  the  propriety,  therefore,  of 
basing  the  air  supply  on  his  require- 
ments, that  is,  on  the  number  of  people 
to  be  supplied,  and  then  making  such 
allowance  as  may  be  necessary  for  special 
sources  of  vitiation.  This  is  the  only 
sound,  scientific  ground  to  start  from,  for 
it  will  support  all  cases,  from  those  in 
which  a  large  gathering  of  people  is  the 
only  source  to  be  allowed  for,  to  one 
where  the  number  of  beings  present  bears 
only  a  small  proportion  to  the  special 
causes  of  impurity. 

The  methods  of  ascertaining  the  re- 
quirements of  man  regarding  air  supply 
may  be  outlined  in  this  wise.  Carbonic 
acid  (C02)  is  exhaled  with  the  expired  air, 
also  organic  matter  and  vapors  that  are 
the  natural  outcasts  of  the  body,  as  well 
as  those  proceeding  from  an  unhealthy 
state  of  the  system.  Water  is  also  evap- 
orated from  the  lungs  and  exhaled  as 
vajDor.  In  addition  to  all  these,  is  the 
operation  of  transpiration  from  the  pores 
of  the  skin,  whereby  moisture  and  vari- 
ous organic  secretions  are  given  off  to 
the  surrounding  air.  An  adult  gives  off 
1£  to  2  J  lbs.  of  water  per  day  in  this 
manner.  A  person  suffering  from  certain 
diseases  will  also  infect  the  air  with 
disease  germs,  that  make  it  extremely 
dangerous  for  breathing.  This  is  not  the 
place  for  a  discussion  of  the  germ  theory 
of  disease ;  suffice  it  to  say  that  these  liv- 
ing germs  are  well  attested  to,  are  ex- 
ceedingly minute,  extremely  active,  and 
that  so  far  as  is  known,  a  single  one  taken 
into  a  system  where  it  finds  congenial 
soil,  may  be  the  cause  of  virulent  dis- 
ease. 

Of  course,  disease  germs,  and  disagree- 
able odors  arising  from  certain  diseases 
accompany  the  presence  of  sick  people 
whose  proper  place  is  in  the  sick-room  or 
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the  hospital,  but  a  perfectly  healthy  man 
is  constantly  vitiating  the  air.  It  has  in 
the  past  been  thought  that  this  was  due 
entirely  to  the  C02  gas  exhaled,  and  all 
estimates  and  designs  were  made  with 
the  idea  of  removing  it  alone.  Now  the 
best  opinion  is  in  favor  of  the  view  that 
the  vitiating  of  air  by  human  beings,  so 
far  as  it  is  made  unfit  for  use,  is  due 
chiefly  to  the  organic  matter  given  off. 

The  facts  are  these:  Pure  air  contains 
about  4  parts  in  10,000  of  C02,  while  ex- 
haled breath  is  burdened  with  400  parts 
in  10,000  of  that  gas.*  The  air  exhaled 
is  mixed  with  the  surrounding  air,  so 
that  in  a  well- ventilated  room  there  will 
be  6,  or  possibly  10  parts  in  10,000  of 
C02,  bat  in  the  ordinary  class  of  un venti- 
lated buildings  the  amount  of  C02  in  oc- 
cupied rooms  is  often  15  or  20  parts  in 
10,000,  and  sometimes  far  more.  This 
C02  is  a  negative  gas,  odorless,  tasteless, 
and  entirely  non-poisonous.  The  aque- 
ous vapor  given  off  is  equally  harmless 
in  itself.  It  does  not  differ  in  any  sense 
from  the  water  that  is  always  in  the  at- 
mosphere and  is  so  necessary  an  ingredi- 
ent for  our  comfort.  Under  usual  con- 
ditions about  five  per  cent.,  by  volume,  of 
exhaled  breath  is  moisture. 

The  organic  matter  thrown  off  from 
the  healthy  body  is,  like  many  organic 
compounds,  extremely  subtle  in  its  na- 
ture. There  is  no  chemical  means  of 
analysis  known  that  will  define  it  in  its 
varying  composition  and  determine  its 
amount.  The  most  delicate  laboratory 
test  that  chemistry  can  devise  will  show 
no  quantitative  difference  in  this  respect 
between  pure  air  and  the  breath  that  has 
just  left  the  body.  There  is  a  popular 
test  of  its  presence,  however,  that  is  not 
to  be  mistaken.  The  peculiar  odor  which 
infests  an  unventilated  room  occupied  by 
many  people,  can  be  attributed  to  nothing 
else  than  this.  The  reasonable  assump- 
tion is,  that  these  organic  substances,  in 
the  presence  of  warmth  and  the  moisture 
of  the  breath,  easily  undergo  decomposi- 
tion, and  make  themselves  known  by  the 
disagreeable  odors  of  their  decay. 

*  Some  experiments  made  upon  London  air  indicate 
that  the  commonly  accepted  proportion  of  4  parts  of 
CO2  in  10,000  of  pure  air  is  too  nigh.    159  tests  were 
made  in  an  open  space,  at  St.  Bartholomew's  Hos- 
pital, in  the  years  1882  to  1884,  that  give  as  an  average, 
leaving  out  the  tests  on  foggy  and  misty  days.  4.3  in  i 
10,000,  the  lowest  heing  3.1  on  a  fine  August  day.    It  j 
was  concluded  by  the  experimenters  that  the  propor-  j 
ion   for   pure   country  air  is  probably  about  3  in 
0,000. 


Such  are,  so  far  as  is  definitely  known,, 
the    constituents    given    off    from    the 
healthy  human  body  to  the  surrounding 
air.     What  are  the  injurious  ones?     We 
know  that  in  an  unventilated  room,  occu- 
pied by  many  people,  the  air  becomes  in 
time  unendurable,  and  even  if  the  case  is- 
not  so  extreme,  persons  living  long  in 
poorly  ventilated  buildings,  where  the  air 
is  habitually  "  close  "  and  "  stale,"  are  de- 
bilitated, and  lack  the  energy  of  those 
accustomed  to  fresh  air.     This  statement 
needs  no  proof  beyond  an  appeal  to  com- 
mon experience.     The  moisture  given  off 
cannot  be  injurious.     The  issue  then  is 
narrowed  down  to  the  C02,  and  the  or- 
ganic matter.     C02  in  excess  may  cause 
injury  by  occupying  the  space  otherwise 
taken  by  the  oxygen,  which  is  the  vital 
element  of  the  air  on  which  our  blood  is 
fed.    If  the  air  is  thinned  out  by  C02,  the 
blood    may  be    robbed   of   its   required 
supply  of  oxygen,  and  debility  result.    It 
seems  absurd  to  suppose  that  the  small 
increase  of  even  25  parts  in  10,000  of  C02 
would  have  any  such  effect,  but  the  human 
body  is  a  very  delicate  organization,  and 
it  may  be  that  a  long  continued  depriva- 
tion of  this  kind  would  become  observa- 
ble.    It  is  difficult,  however,  in  the  light 
of  numerous  experiments,  to  attribute  to 
the  small  increase  of  C02  the  peculiar  and 
immediate  depressing  effect  of  a  close, 
crowded  room,  which  room,  moreover,  is- 
not  necessarily  a  warm  one.  The  majority 
of  modern  hygienists  are  disposed  to  con- 
sider the  organic  matter  the  cause  of  the 
bad  effects  of  air  vitiated  by  breathing, 
and  to  say  that  the  C02  has  very  little  to 
do  with  it.     This  view  certainly  seems  a 
reasonable  one.     At  all  events,  it  is  not 
the  C02  which  causes  the  very  unpleasant 
odor  of   a  crowded,  unventilated  room, 
and  this  with  most  people  is  a  practical 
and  very  strong  inducement  to  ventila- 
tion.    The  writer  is  not  competent  to  say 
what  is  the  ultimate  cause  of  vitiation  of 
the  air  by  breathing.     The  evidence  ap- 
pears in  favor  of  laying  the  charge  upon 
the  organic  matter,  but  the  proof  does 
not  seem  positive,  that  the  C02  has  no 
effect   whatever.     It   may  be   that   they 
combine  to  exert  an  effect  upon  the  health 
and  comfort  of  human  beings,  when  al- 
lowed to  accumulate  to  any  extent  in  the 
aijr  inhaled.     But  this  makes  no  special 
difference  so  far  as  practical  ventilation  is 
concerned,  for,  whichever  is  the  cause, 
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the  removal  of  one  involves  the  removal 
of  the  other,  and  the  practical  question 
is,  how  much  air  is  necessary,  per  indi- 
vidual, in  order  to  keep  these  down  to  a 
safe,  i.  e.,  a  healthy  limit  ? 

The  answer  to  this  question  is  the  ob- 
ject intended  in  what  follows.  But  before 
proceeding  further,  a  sharp  distinction 
must  be  drawn  between  what  a  mere 
theory  would  require,  and  the  demand  of 
a  theoretical  discussion  based  on  the  actual 
conditions  of  practical  ventilation.  Some 
scientists  have  treated  this  subject  appar- 
ently under  the  supposition  that  a  person 
inhaled  through  a  tube  from  one  reservoir 
of  fresh  air,  and  exhaled  through  another 
tube  into  another  reservoir,  the  supply 
and  deposit  being  kept  entirely  distinct. 
By  this  method  they  get  a  very  small 
amount  as  a  result.  The  only  case  that 
I  am  aware  of  in  which  the  actual  bore 
any  resemblance  to  these  assumed  con- 
ditions, was  the  somewhat  unique  one  of 
the  shipwrecked  mariners  of  the  Thomas 
Hyke,  as  related  by  Mr.  Frank  Stockton. 
The  fact  is  that  actual  ventilation  is  a 
process  of  dilution,  the  expired  breath 
mingling  with  the  air  of  the  room,  and 
the  supply  needed  must  be  sufficient  to 
keep  the  mixture  in  the  room  down  to  a 
proper  standard  of  purity. 

To  compare  with  a  standard  it  is  ne- 
cessary that  the  amount  of  C02  and  or- 
ganic matter  present  should  be  estimated. 
But  the  latter  cannot  be  calculated.  It, 
however,  bears  a  direct  proportion  in 
amount  to  the  C02,  for  obvious  reasons, 
and  the  latter,  which  can  be  calculated 
by  analysis  of  the  air,  is  made  the  basis 
for  estimating  the  presence  of  the  former. 
It  is  a  matter  of  experience  by  those  ac- 
customed to  study  the  subject,  that  6  to 
possibly  8  parts  of  C02  in  10,000  of  air  in 
a  space  occupied  by  healthy  people  ac- 
companies an  atmosphere  that  has  no 
disagreeable  odor,  and  can  be  considered 
healthful.  If  the  proportion  rises  to  10 
or  12  in  10,000  a  slight  unpleasantness 
usually  manifests  itself,  and  the  ventila- 
tion cannot  be  considered  thorough. 
Above  that  proportion  of  C02,  the  air  soon 
becomes  from  breathing  absolutely  unfit 
for  use.  Having  this  standard  fixed  it  is 
a  comparatively  easy  matter  to  determine 
on  the  amount  of  air  supply,  for,  knowing 


the  amount  of  C05 
in  exhaled  breath, 
passing    through 


in  pure  air,  the  amount 
and  the  amount  of  air 
the    lungs  in  a  given 


time,  a  simple  use  of  mathematics  shows 
the  amount  of  fresh  air  required  per  hour 
to  dilute  the  breath  and  bring  the  mix- 
ture to  the  required  standard.  It  is 
simply  then  a  matter  of  the  standard 
taken  that  varies  the  air  allowance.  Dr. 
Parks,  who  is  one  of  the  highest  authori- 
ties, places  it  at  6  in  10,000,  which  re- 
quires a  supply  of  4,000  cubic  feet  per 
hour  per  person.  The  late  Mr.  Briggs 
adopted  8  in  10,000  as  a  standard,  which 
requires  a  supply  of  1,800  cubic  feet  per 
hour.  M.  Planat  appears  to  consider  10 
parts  in  10,000  a  sufficiently  high  stand- 
ard. 

It  may  seem  that  these  wide  differences 
destroy  all  value  of  calculations,  but  it 
should  be  remembered  that  the  test  by 
C02,  while  in  a  sense  indirect,  is  yet  a 
very  delicate  one,  that  a  very  slight  differ- 
ence in  amount  of  C02  will  accompany  a 
decided  change  in  the  comfort  and  health 
of  the  air.  If  we  are  content  with  a 
somewhat  tainted  air,  a  standard  of  10  in 
10,000  will  answer,  and  we  will,  so  far  as 
the  air  is  concerned,  probably  live  to  a 
good  old  age.  If  we  want  air  in  our 
rooms,  entirely  free  from  traces  of  musti- 
ness,  and  as  fresh  to  our  senses  as  that 
which  blows  over  the  mountains,  we  must 
take  Dr.  Park's  estimate.  The  expense 
may  in  some  cases  prohibit  such  a  stand- 
ard being  attained,  but,  as  he  writes  with 
reference  to  another  matter,  "After  all, 
the  question  is  not  what  is  likely  to  be 
done,  but  what  ought  to  be  done,  and  it 
is  an  encouraging  fact,  that  in  most  things 
in  this  world,  when  a  right  course  is  rec- 
ognized, it  is  somehow  or  other  eventu- 
ally carried  out."  Dr.  Parks  gives  as  a 
rule  easy  to  be  remembered,  one  cubic 
foot  per  person  per  second,  equal  to  3,600 
cubic  feet  per  hour. 

Most  writers  make  a  distinction  as  re- 
gards age  and  sex  of  the  people,  and  also 
regarding  their  occupations.  In  view  of 
the  considerable  difficulty  of  obtaining 
exact  amounts  in  ventilation,  it  seems  an 
unnecessary  refinement  to  allow  a  deduc- 
tion from  the  above  standards  for  adult 
males,  even  in  the  case  of  children,  for  as 
Dr.  Billings  observes,  the  latter  are  more 
delicate  and  susceptible  to  impure  air. 

For  difference  of  occupation  the  case 
is  different,  as  some  kinds  of  work  in- 
crease vastly  the  energy  of  breathing. 

If  some  one  exclaims  in  impatience, 
these  standard  amounts  are  very  fine,  but 
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entirely  impracticable  on  account  of  ex- 
pense, let  him  remember  that  to  get  ven- 
tilation he  must  pay  for  it.  If  he  wants 
the  best  ventilation  the  highest  standard 
is  not  too  high.  The  entire  matter  is 
one  of  compromise  between  good  air  and 
expense.  As  a  reasonable  compromise 
in  many  cases  the  1800  cubic  feet  allow- 
once  may  be  used,  but  any  lower  allow- 
once  than  that  for  largely  occupied  rooms 
should  not  be  allowed. 


So  much  for  the  vitiation  caused  by 
the  persons  of  human  beings.  The  spe- 
cial sources  of  vitiation  of  air  may  now 
be  briefly  considered.  It  will  be  recalled 
that  the  term  special  is  used  to  denote 
the  causes  of  vitiation  met  with  in  build- 
ings, other  than  the  human  beings  occu- 
pying them.  It  would  be  more  general 
to  say,  other  than  the  living  creatures 
occupying  them,  for  in  the  case  of  stables 
and  the  like  it  is  a  highly  important  duty 
of  the  sanitary  engineer  to  ventilate  them 
and  base  his  calculations  on  the  number 
of  animals  present.  The  chief  distinction 
between  the  animate  and  the  special 
sources  of  vitiation  is,  that  the  former 
are  continually  in  operation,  and  with 
some  degree  of  regularity,  while  the  lat- 
ter are  varying,  both  in  degree  and  con- 
tinuity. There  is  another  important 
difference  in  respect  to  treatment.  The 
animate  sources  of  vitiation  must  be  al- 
lowed to  breath  into  the  surrounding 
space,  and  their  vitiation  be  mingled  with 
the  air  of  the  rooms,  whereas,  in  nearly 
all  cases,  the  special  impurities  can  be 
directly  conveyed  away. 

The  usual  special  causes  have  been 
enumerated.  Some  of  them,  such  as 
gases  from  poor  furnaces,  etc.,  are 
hardly  legitimate,  but  nevertheless  do 
occur.  No  calculation  can  be  made  for 
them.  The  gases  and  mechanical  parti- 
cles arising  from  manufacturing  opera- 
tions are  so  various  in  nature  and  amount 
that  no  general  allowance  can  be  made 
for  them.  As  a  rule  they  should  be  im- 
mediately and  thoroughly  removed  from 
the  work-room. 

Likewise,  for  the  odors  arising  from 
numerous  domestic  operations,  no  allow- 
ance of  air  can  be  given  for  their  dilution. 
It  would  require  all  out-doors  to  make 
the  odors  of  wash-day  unobservable. 

The  only  effectual  plan  is  to  carry  off 


such  sources  of  unpleasantness  as  soon 
as  possible. 

The  subject  of  illumination  is  one  that 
comes  under  this  heading.  All  do  not 
realize  what  consumers  of  air  our  lamps 
and  gas  lights  are.  From  one  point  of 
view  they  are  necessary  nuisances.  In 
the  operation  of  burning  large  amounts 
of  C02  are  given  off,  and  also  other  prod- 
ucts more  or  less  injurious  and  disagree- 
able. The  heat  evolved  is  a  separate 
matter,  entirely  apart  from  the  effect  on 
the  purity  of  the  air.  Experiments  show 
that  a  candle  gives  about  0.3  cubic  foot 
of  C02  per  hour,  an  ordinary  lamp  about 
1  cu.  ft.  per  hour,  and  an  average  of  tests 
made  by  Mr.  H.  C.  Bowen,  of  New  York 
coal  gases,  both  rich  and  poor  in  hydro- 
carbons, give  0.75  cubic  foot  of  COQ  per 
cubic  foot  of  gas  burnt.  A  4J-foot  burn- 
er yields  then,  3.38  cubic  feet  of  COa  per 
hour.  An  adult  in  ordinary  conditions 
of  quiet  occupation  emits  about  0.6  cubic 
foot  of  C02  per  hour.  So,  as  producers 
of  COa,  a  man  equals  two  candles,  a  lamp 
equals  two  men,  and  an  ordinary  gas- 
burner  can  hold  its  own  against  nearly 
six  men. 

It  cannot  be  claimed  positively  that 
the  production  of  C02  by  lights  repre- 
sents the  same  corresponding  vitiation 
of  the  air  for  breathing  purposes,  as  in 
the  case  of  man,  for  organic  matter  is  not 
proportionally  evolved.  But,  especially 
in  the  case  of  gas,  there  are  other  prod- 
ucts given  off,  quite  as  objectionable  in 
their  nature.  Anyone  who  has  had  oc- 
casion to  mount  a  step-ladder  in  a  close 
room,  brilliantly  lighted,  can  bear  testi- 
mony to  the  overpowering  and  peculiar 
condition  and  odor  of  the  air  near  the 
ceiling,  a  condition  that  heat  alone  could 
not  occasion.  More  or  less  free  gas  es- 
capes unconsumed,  and  some  of  the  car- 
bon is  burned  only  to  carbonic  oxide,  a 
very  poisonous  gas.  Also,  the  gas  is  very 
liable  to  emit  di-oxide  of  sulphur  if  the 
coal  contained  any  of  that  impurity, 
which  enters  the  lungs  and  there  forms 
sulphurous  acid,  injurious  in  its  effects. 
There  are  other  products  of  combustion 
which  a  gas  analyst  can  better  describe, 
but  enough  has  been  said  to  show  that 
the  amount  of  vitiation  increases  directly 
as  the  amount  of  COQ,  and  hence,  if  the 
products  of  combustion  are  allowed  to 
mingle  in  the  room,  the  same  test  of  the 
purity  of  the  air  can  be  applied  as  for  man. 
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The  question  then  becomes  as  before, 
what  standard  for  the  allowable  amount ; 
of  C02  should  be  taken  ?     Wolpert,  says  ' 
that  the  air  supply  should  be  1,800  cubic  j 
feet  of  air  per  cubic  foot  of  gas  burnt,  i 
A  calculation  shows  that  this  corresponds 
to   a   standard    of   8   parts    of    C02   in 
10,000.      Briggs,  who  we   may  be   sure 
would  give  full  prominence  to  the  eco- 
nomical side  of  the  subject,  gives  this 
rule  for  halls  of  audience :    "  Ten  cubic 
feet  of  air  per  minute  per  cubic  foot  of 
gas  burnt  per  hour."     Hence,  for  a  4J- 
foot  burner,  2,700  cubic  feet  of  air  per 
hour.     This  makes  the  standard  of  CO, 
16  parts  in  10,000  of  air.     Dr.  Parks  ap- 
proves the  larger  estimate,  and  it  seems 
the  best  standard,  although  there  may  be 
modifying  causes  in  some  cases  that  will 
make  Mr.  Briggs'  rule  advisable. 

The  preceding  remarks  are  based  on 
the  assumption  that  the  products  of  il- 
lumination are  to  be  allowed  to  mingle 
with  the  air  in  the  apartments  lighted. 

In  the  case  of  candles  and  movable 
lamps  such  a  course  is  advisable,  but  for 
gas  lights  it  is  a  question  if  the  evolved 
gases  should  not  be  directly  carried  away. 
Or  rather,  there  is  no  question  at  all  of 
the  propriety  of  doing  so  in  all  cases 
where  arrangements  can  be  made  for 
what  is  termed  exclusive  lighting. 


This  concludes  the  attempt  to  indicate 
the  steps  by  which  the  foremost  sanitari- 
ans of  the  present  day  have  reached  their 
conclusions  regarding  amounts  of  ah*  sup- 

As  was  stated  before,  the  apology  for 
devoting  space  to  this  subject  lies  in  the 
desire  to  leave  no  room  for  the  opinion 
that  the  demands  of  science  in  this  re- 
spect are  the  demands  of  hobby  riders,  or 
of  those  who  theorize,  with  supreme  in- 
difference as  to  whether  the  conditions 
they  assume  are  ever  met  in  practice  or 
not. 

The  figures  given  are  as  definite  as  is 
the  price  of  gold,  quoted  at  the  mint,  and 
as  practical  as  the  current  quotations  of 
iron.  The  standard  of  purity  can  be  va- 
ried, to  be  sure,  but  if  lowered  to  reduce 
expense  the  purity  of  the  air  is  likewise 
lowered. 

The  effectiveness  of  ventilation  and  the 
cost  of  ventilation  are,  within  limits,  in 


direct  ratio  to  each  other.  When  we  are 
told  that  to  keep  the  standard  of  purity 
at  6  parts  of  CO,  in  10,000,  the  supply 
must  be  4,000  cubic  feet  per  hour,  this 
means  that  if  a  man  is  put  in  an  abso- 
lutely tight  room  of  4,000  cubic  feet  ca- 
pacity filled  with  fresh  air,  at  the  end  of 
one  hour  the  air  will  have  reached  the 
limit  of  impurity,  and  after  that  it  will 
become  unhealthy,  according  to  that 
standard.     Similarly  for  a  gas  light. 

There  is  no  room  for  uncertainty  in 
these  figures ;  they  are  as  precise  and 
practical  as  any  of  the  data  on  which 
business  calculations  are  based.  It  is 
merely  a  question  of  how  pure  you  intend 
to  have  the  air. 

These  data  are  precise,  and  as  such  are 
the  only  fit  basis  for  calculations,  but  at 
the  same  time,  in  their  actual  application 
they  must  be  frequently  modified,  as  I 
will  endeavor  to  explain.  As  in  all  ap- 
plications of  scientific  truth  to  practical 
necessities,  it  is  necessary  to  remember 
that  a  perfect  theory  cannot  take  account 
in  a  single  formula  of  all  possible  condi- 
tions that  may  be  met  with  in  practice. 
It  can  only  serve  as  a  foundation  for  esti- 
mates made  to  suit  the  special  cases  that 
continually  arise.  Skill  and  common 
sense  are  necessary  to  decide  how  far  the 
conditions  of  the  case  should  influence 
the  amount  demanded  by  the  special  con- 
ditions used  in  deducing  the  theoretical 
supply.  This  is  the  only  sensible ;  it  is 
the  only  scientific  way,  and  it  accounts 
for  the  apparently  wide  separation  be- 
tween the  theoretical  amounts  specified 
by  sanitarians,  and  the  actual  amounts 
required  by  the  best  sanitary  engineers 
for  different  kinds  of  buildings. 

With  this  sound  basis  to  build  upon, 
the  next  step  in  order  is  to  touch  upon 
the  main  points  influencing  the  selection 
of  an  amount  of  air  supply,  and  then  to 
give  the  amounts  used  by  engineers  for 
various  buildings. 

Perhaps  the  first  practical  condition  to 
be  mentioned  that  differs  from  those  as- 
sumed in  estimating  the  standard  air  sup- 
ply, is  what  may  be  termed  insensible 
ventilation.  It  is  mentioned  first  because 
always  existing.  The  conditions  of  the 
theory  suppose  a  man  inclosed  in  a  room 
absolutely  impenetrable  by  air,  except 
through  certain  definite  channels  under 
control.  The  fact  is,  this  never  exists. 
Movement  of  air  constantly  takes  place 
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through  window  cracks,  etc.,  and  even 
through  brick  walls.  Mr.  G.  P.  Putnam 
mentions  in  "  The  Open  Fireplace,"  ex- 
periments he  made  with  a  room  in  which 
every  observable  crack  and  opening  was 
carefully  puttied,  the  brick  chimney-back 
and  jambs  were  oiled,  and  ultimately  four 
coats  of  oil  paint  put  on  the  walls  and 
ceiling,  and  three  on  the  pine  floor,  but 
after  all  this  the  inflow  from  the  furnace 
register  was  only  diminished  20  per  cent. 
At  the  end  of  the  hour  a  quantity  of  air 
more  than  equal  to  the  entire  capacity  of 
the  room  had  passed  through  the  regis- 
ter. There  were,  of  course,  microscopic 
outlets  for  the  air  which  it  might  be  pos- 
sible to  close,  but  this  illustrates  the  fact 
that  the  inlet  and  outlet  registers  of  a 
room  are  by  no  means  the  only  modes  of 
passage  of  the  air. 

The  importance  of  insensible  ventila- 
tion does  not  lie  in  its  being  a  condition 
to  be  calculated  upon  in  arranging  a 
systematic  scheme  of  ventilation,  for  in 
such  cases  the  regular,  legitimate  air 
supply  is  the  only  one  to  be  relied  upon  ; 
but  it  lies  in  the  fact  that  without  it, 
nine-tenths  of  civilized  humanity  would 
long  since  have  had,  like  the  colored  gen- 
tleman, "  to  take  to  the  woods." 

In  the  light  of  what  has  been  men- 
tioned before  it  needs  no  demonstration 
that  in  unventilated  buildings,  if  it  were 
not  for  this  insensible  ventilation,  people 
could  not  exist.  It  is  the  salvation  of 
thousands  of  families  in  elegant  homes, 
and  even  it  does  not  in  many  cases  pre- 
vent premature  loss  of  health,  and  even 
death  from  slow  suffocation. 

Insensible  ventilation  is,  however,  a 
factor  that  the  architect  can  very  reason- 
ably take  account  of  in  designing  many 
houses  where  the  number  of  inmates  is 
small  and  the  expense  must  be  a  mini- 
mum. 

Cubic  space  allowance  is  another  con- 
dition of  the  air  amount  question  that  is 
well  worth  considering.  Its  position  as 
an  element  of  the  problem  is  very  easily 
defined,  although  more  or  less  miscon- 
ception of  it  exists.  If  a  certain  number 
of  people  occupy  a  given  room,  each  per- 
son has  a  certain  number  of  cubic  feet  of 
space  in  that  room,  that  for  purposes  of 
estimate  may  be  called  his.  The  simple 
question  is,  how  does  it  affect  the  air 
supply  required  by  him  ? 

There  is,  unquestionably,  an  impres- 


sion among  many  that  cubic  space  takes 
the  place  of  ventilation. 

To  a  limited  extent  this  is  true ;  that 
is,  apparently  true;  for  if  you  place  a 
few  people  in  a  sufficiently  large  room, 
with  no  means  of  ventilation,  the  air  may 
still  keep  passably  pure  owing  to  insensi- 
ble ventilation,  and  roughly  speaking,  the 
degree  of  purity  will  depend  on  the  cu- 
bic space  allowance.  Those  few  inmates 
may  occupy  that  room  continuously  and 
breathe  good  air.  But  if  a  large  num- 
ber of  people  occupy  the  room,  the  in- 
sensible ventilation  is  entirely  inadequate, 
and  the  air  becomes  very  bad.  The 
space  allowance  cannot  then,  in  any 
sense,  take  the  place  of  air  supply.  It 
merely  serves  as  a  mixing  chamber  for 
diluting  the  persons'  breath  with  fresh 
air.  Each  person  should  have  so  many 
cubic  feet  of  fresh  air  per  hour,  inde- 
pendent, within  limits,  of  how  large  a 
space  that  air  flows  through.  But,  indi- 
rectly, the  space  allowance  may  influence 
the  air  allowance  in  this  way.  If,  pre- 
viously to  its  occupation,  the  space  is 
filled  with  fresh  air,  it  acts  as  a  reservoir, 
upon  which  the  lungs  can  draw  until  it 
has  reached  the  limit  of  impurity  set  by 
the  standard  taken.  As  soon  as  this 
limit  is  reached,  however,  then  the  regu- 
lar air  supply  must  go  on  entirely  inde- 
pendent of  the  cubic  space. 

This  is  theory,  but  it  is  theory  to 
which  practice  makes  the  closest  of  ap- 
proximations in  cases  of  crowded  rooms, 
and  can  only  be  disregarded  where  the 
active  sources  of  vitiation  of  the  air  bear 
only  a  small  proportion  to  the  insensible 
ventilation. 

It  is  apparent,  then,  that  when  rooms 
are  occupied  for  short  sessions,  and  be- 
tween sessions  the  air  is  thoroughly  re- 
newed, it  is  perfectly  allowable  to  re- 
duce the  air  supply  in  just  so  far  as  the 
space  serves  as  a  reservoir.  When  rooms 
are  continuously  occupied  by  many  peo- 
ple, the  amount  of  cubic  space  cannot 
lessen  the  required  air  supply. 

In  the  case  of  rooms  large  relatively 
to  the  number  of  inmates,  or  other  source 
of  vitiation,  cubic  space  allowance  may 
very  reasonably  materially  affect  the  al- 
lowance of  air  supply,  and  in  some  cases 
may  be  rightly  assumed  to  take  the  place 
entirely  of  systematic  ventilation,  espe- 
cially where  the  expense  must  be  kept 
down  to  the  lowest  limit.     It  is  on  such 
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grounds  as  these  that  the  specification 
of  cubic  space  allowance  for  tenement 
houses  and  some  other  buildings  can  be 
justified.  The  specification  of  it  for 
schools,  with  the  idea  of  its  taking  the 
place  of  systematic  ventilation,  ought  not 
to  be  tolerated.  If  any  room  needs  ven- 
tilation it  is  the  schoolroom. 

While  considering  the  practical  condi- 
tions that  affect  the  selection  of  a  stand- 
ard of  air  supply,  the  relations  of  warm- 
ing and  ventilation  may  well  be  dis- 
cussed. Theoretically  they  are  distinct 
subjects.  Ventilation  is,  for  hygienic 
reasons,  a  necessity.  "Warming  is,  within 
limits,  merely  a  matter  of  convenience 
and  pleasure.  A  great  part  of  the  time 
we  warm  our  houses  to  be  comfortable, 
not  because  it  is  necessary  for  health. 
If  we  wore  warmer  clothing  we  might 
live  in  much  colder  houses  in  good  health. 
The  physical  condition  of  many  who 
live  in  hot,  stuffy  rooms  would  probably 
be  improved  by  such  a  course  of  treat- 
ment. Of  course  this  supposes  damp- 
ness to  be  eliminated. 

Theoretically,  then,  ventilation  is  nec- 
essary at  all  times,  and  in  amounts  inde- 
pendent of  the  temperature,  while  warm- 
ing is  a  matter  dependent  upon  the  cli- 
mate and  the  "cold  waves"  that  the 
Weather  Bureau  sends  us.  The  Arab 
in  his  tent,  and  the  Esquimaux  in  his 
reeking  snow  hut,  both  require  fresh 
air. 

Practically,  however,  warming  and 
ventilation  are  very  closely  connected 
especially  in  this  clitnate  of  cold  winters. 
The  reason  lies  in  the  fact,  that  in  order 
to  make  a  building  comfortable  in  this  cli- 
mate in  cold  days,  and  with  a  reasonable 
expense,  it  is  necessary  to  heat  the  air  it- 
self. Hence,  the  greater  the  amount  of 
ventilation,  the  greater  the  amount  of 
heat  required,  and  the  expense.  It  may 
be  laid  down  as  a  practical  truth  beyond 
^  peradventure,  that  people  will  insist  on 
being  warm  in  preference  to  being  well 
ventilated  If  one  or  the  other  must  be 
sacrificed,  it  will  be  the  ventilation,  every 
time. 

If  the  expense  of  sufficiently  warm- 
ing the  volume  of  air  required  for  good 
ventilation  seems  excessive,  the  house- 
holder will  in  all  probability  cut  down  the 
air  supply.  He  is  hardly  to  be  blamed 
for  this.  The  most  rigid  sanitarian  will 
shut  the  window  if  he  is  chilly,  although 


he  knows  it  to  be  the  only  inlet  for  fresh 
air  to  the  room. 

This  matter  of  the  relation  of  warm- 
ing and  ventilation  is  seen  to  be  one  of 
dollars  and  cents,  rather  than  of  physical 
science,  and  hence  its  influence  in  deter- 
mining the  amount  of  air  supply  is  of  a 
different  nature  from  that  of  cubic  space 
allowance.  As  a  sanitarian,  no  architect 
or  engineer  ought  to  consider  it.  As  a 
practical  business  man,  he  has  to  consid- 
er it,  and  should  always  remember  that, 
as  regards  the  popular  use  of  the  title 
,;  warming  and  ventilation,"  there  is  a 
significance  in  the  order  of  the  words. 

For  many  public  buildings,  however, 
such  as  hospitals  and  schools,  no  consid- 
eration of  the  expense  of  warming  should 
move  the  designer  from  r quiring  a  suffi- 
cient air  supply. 

The  natural  ventilation,  cubic  space  al- 
lowance, and  the  relation  between  venti- 
lation and  warming  are  the  chief  matters 
influencing  the  reduction  of  air  supply 
allowance  that  are  not  directly  connected 
with  the  inmates  and  their  occupations. 
In  special  cases  of  manufacturing  build- 
ings, etc.,  there  are  special  causes  of  vi- 
tiation; but,  as  has  been  said,  these 
should  be  carried  off  directly  where 
practicable,  and  in  that  event  do  not  in- 
fluence the  amount  of  air  supply  required 
for  the  inmates. 

The  occupations  and  physical  condi- 
tions of  the  inmates  of  buildings,  of 
course,  have  a  bearing  upon  the  amount 
of  air  supply,  but  are  directly  connected 
with  the  inmates  themselves.  The  best 
way  of  considering  them  is  to  pass  di- 
rectly to  the  amounts  of  air  supply  se- 
lected by  engineers  for  various  kinds  of 
buildings.  The  chief  factors  in  causing 
the  varying  figures  for  different  build- 
ings have  been — First,  the  length  of 
time  that  the  rooms  were  used  continu- 
ously ;  second,  the  physical  condition 
and  occupations  of  the  inmates ;  and, 
third,  but  perhaps  more  potent  than  all 
the  others,  the  amount  that  it  is  reason- 
able to  expend  for  ventilation  on  different 
building. 

The  highest  figures  used  are  for  hos- 
pitals. Nothing  less  than  the  highest 
standard  already  given  ought  to  be  taken 
for  such  buildings.  Dr.  Parks  has  had 
great  experience  with  hospitals,  and  he 
states  that  the  minimum  for  them  ought 
to  exceed  the  allowance  for  healthy  be- 
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ings  by  at  least  one-fourth.  In  wards 
for  surgical  operations  a  much  larger  al- 
lowance should  be  made.  Four  thousand 
to  five  thousand  cubic  feet  per  hour  per 
person  is  required  by  Peclet.  Planat 
states  an  amount  in  cubic  meters  which 
equals  5,300  cubic  feet.  Hospitals  for 
diseases,  in  which  there  are  very  offen- 
sive exhalations  from  the  body,  and  espe- 
cially for  contagious  diseases,  require 
practically  all  the  air  that  can  be  ob- 
tained. The  supply  should  not  be  less 
than  7,000  cubic  feet  per  hour.  In  the 
case  of  hospitals  the  necessity  for  fresh 
air  is  so  apparent  that  there  is  compara- 
tively little  difficulty  in  persuading  peo- 
ple to  meet  the  expense  of  this  thorough 
ventilation. 

For  theaters,  those  engineers  who  are 
strong  upholders  of  the  higher  standards 
of  purity  of  air  require  2,000  to  2,500 
cubic  feet  per  hour.  In  this  reduction 
from  3,600  cubic  feet,  ihey  doubtless  con- 
sider that  the  use  of  the  theater  is  not 
continuous,  and  that  the  upward  move- 
ment being  a  prominent  feature  of  the- 
ater ventilation,  the  breath  is  more 
rapidly  removed  from  the  level  of  the  au- 
dience. 

Most  engineers  adopt  figures  that  are 
more  of  a  compromise  with  expense. 
General  Morin  requires  1,400  to  1,800 
cubic  feet  per  hour.  This  estimate,  al- 
though much  smaller  than  the  first,  will 
give  very  fair  ventilation.  Compared  with 
those  theaters  which  have  no  thorough 
system  of  ventilation,  it  seems  all  that 
could  be  desired.  The  Madison  Square 
Theater,  of  New  York,  has  a  theoretical 
supply  of  1,500  cubic  feet  per  person, 
and  is  very  successful  in  its  ventilation. 
The  Yienna  Opera  House,  which  is  con- 
sidered one  of  the  very  few  well-venti- 
lated theaters,  has  a  theoretical  supply 
of  about  1,000  cubic  feet  per  person. 

The  conditions  of  church  ventilation 
are  in  many  respects  similar  to  those  for 
theaters,  and  about  the  same  air  allow- 
ance should  be  made.  In  the  majority 
of  churches  the  services  are  not  attend- 
ed by  crowded  congregations,  and  hence 
tolerable  ventilation  may  be  obtained 
with  much  less  air  supply,  but  special 
occasions  frequently  occur  when  the  ven- 
tilating apparatus  is  taxed  to  its  utmost. 
Considering  this,  it  is  unadvisable  to 
make  any  less  allowance  for  churches 
than  for  theaters. 


Rooms  used  for  lectures,  etc.,  of  an 
hour  or  so  duration,  require  much  the 
same  air  supply  as  for  theaters,  if  the 
ventilation  is  arranged  in  the  same  way 
as  is  usual  for  the  latter  class  of  build- 
ings. 

All  lecture  rooms  with  low  ceilings, 
where  the  exhalations  from  the  body  are 
more  mingled  with  the  air  about  the  in- 
mates than  is  the  case  in  theaters  with 
good  upward  ventilation,  require  a  larger 
allowance.  For  thoroughly  satisfactory 
results,  the  full  air  supply  required  by 
the  standard  taken  will  be  necessary.  If 
exclusive  lighting  is  not  practiced,  there 
should  be  a  liberal  allowance  for  the  use 
of  the  gas-burners,  according  to  the  fig- 
ures already  given.  Mr.  Briggs,  in  his 
paper  on  "  Halls  of  Audience,"  takes  a 
position  on  the  verge  of  robbing  the  ven- 
tilation to  propitiate  the  pocket.  He 
writes — "Dr.  Reid's  value  of  10  cubic 
feet  per  minute  is  all  that  should  be  used 
in  planning  for  halls  not  occupied  over 
two  or  three  hours  at  a  time.  All  that 
can  be  judiciously  urged  for  ventilation 
in  view  of  the  cost  of  fuel."  He  states 
further  to  the  effect  that  this  is  the  mini- 
mum allowance,  and  that  the  apparatus 
should  be  designed  so  that  during  warm 
weather  the  supply  can  be  increased  to 
20  cubic  feet  per  minute.  "  An  amount 
which,  with  open  doors  and  windows,  if 
ventilating  currents  are  well  distributed 
among  the  audience,  will  be  ample  for 
the  comfort  of  a  crowd  in  hot  weather." 
These  are  the  views  of  a  practical  and 
experienced  engineer,  and  as  such  are  of 
value,  but  nevertheless  the  testimony  of 
others,  and  the  results  obtained  with  de- 
signs in  operation,  lead  to  the  belief  that 
they  go  too  far  in  compromising  the  ven- 
tilation. 

It  is  certain  that,  in  the  case  of  small 
and  crowded  lecture  rooms,  600  cubic 
feet  per  hour  per  individual  will  not  pre- 
vent impurity  of  the  air. 

Court-rooms,  legislative  halls,  and  all 
that  class  of  rooms  that  are  liable  to 
continued  occupation  for  many  hours  by 
a  crowded  congregation,  require  an  am- 
ple supply  of  air.  Nothing  less  than  the 
full  amount  corresponding  to  the  stand- 
ard of  purity  selected  should  satisfy  the 
designer.  Dr.  Reid,  in  his  writings  on 
the  ventilation  of  the  Houses  of  Parlia- 
ment, shows  the  importance  of  keeping 
the  brains  of  the   law   makers  clear  and 
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active,  and  if  that  is  necessary  in  Eng- 
land, it  is  quite  as  much  so  for  our  own 
State  and  National  Legislators,  and  for 
the  typical  American  jury.  Gen.  Morin, 
who  bases  his  figures  on  a  theoretical 
supply  of  1,800  cubic  feet  per  person  per 
hour,  irrespective  of  conditions,  and  then 
modifies  this  amount  for  different  cases, 
requires  for  "lecture  rooms  and  halls  for 
brief  receptions "  1,100  cubic  feet,  and 
"for  assembly  rooms  and  halls  for  long 
receptions,"  2,100  cubic  feet  per  hour,  a 
difference  of  nearly  100  per  cent,  in  fa- 
vor of  the  latter.  In  public  buildings, 
like  court-houses,  State  capitols,  etc., 
there  is  no  excuse  for  not  supplying  a 
generous  air  allowance.  The  money 
question  should  not  prevent  the  best  ven- 
tilation. 

The  opinions  of  engineers  as  to  the 
air  supply  for  schools  are  various — from 
those  who  would  limit  small  children  to 
200  cubic  feet  per  hour,  or  even  less,  to 
those  that  approve  of  supplying  to  them 
the  same  amount  as  for  adults  in  crowd- 
ed rooms  long  occupied.  It  is  hardly 
necessary  to  allude  to  the  importance  of 
well  ventilating  schools.  The  miserable 
condition  of  many  of  our  schoolrooms  in 
this  respect  may  have  no  small  effect 
upon  the  health  of  a  generation,  upon 
which,  in  fifteen  or  twenty  years,  the 
prosperity  of  the  country  will  depend. 

From  considerations  already  alluded  to, 
it  seems  unadvisable  to  reduce  the  supply 
because  of  the  youth  of  the  children.  Of 
course,  in  the  case  of  schoolrooms  that 
are  to  have  few  scholars  in  proportion 
to  their  size,  a  small  air  allowance  may  be 
admissible,  but  this  is  more  because  of 
natural  ventilation  taking  place  than  from 
the  age  of  the  inmates.  Nearly  all 
schoolrooms  will  be  crowded  at  times, 
and  that  for  hours  together,  and  for 
them  the  full  air  allowance  should  be 
made.  For  those  rooms  that  are  occu- 
pied only  an  hour  at  a  time,  and  at  the 
end  of  the  session  are  completely  flushed 
by  fresh  air  by  opening  the  windows,  it 
is  allowable,  perhaps,  to  make  some  re- 
duction in  air  supply,  because  of  the 
space  acting  as  a  reservoir.  But  this 
latitude  should  not  be  imposed  upon.  A 
well-filled  room  with  low  ceiling  will 
soon  become  close  unless  ventilated.  If 
the  air  allowance  is  too  much  reduced, 
the  room  will  become  close  and  unhealthy 
before  the  close  of  the  hour.     If  the  air 


is  to  be  maintained  rigidly  up  to  a  stand- 
ard of  purity,  little,  if  any,  reduction  of 
supply  can  be  made  for  well-filled  rooms, 
although  they  are  flushed  every  hour. 

A  few  years  ago  a  commission  was  ap- 
pointed to  examine  the  public  schools  of 
the  District  of  Columbia,  and  in  their  re- 
ports, dated  March  15,  1882,  appear  the 
following  specifications  : 

"  In  each  class-room  not  less  than  15 
square  feet  of  floor  shall  be  allotted  to 
each  pupil.  In  each  class-room  the  win- 
dow space  should  be  not  less  than  one- 
fourth  of  the  floor  space,  and  the  dis- 
tance of  the  desk  most  remote  from  the 
window  should  not  be  more  than  one  and 
a-half  times  the  height  of  the  top  of  the 
window  from  the  floor.  The  height  of 
the  class-room  should  never  exceed  14 
feet.  The  provisions  for  ventilation 
should  be  such  as  to  provide  for  each 
person  in  a  class-room  not  less  than  30' 
cubic  feet  of  fresh  air  per  minute,  which 
amount  must  be  introduced  and  thor- 
oughly distributed  without  creating  un- 
pleasant draughts,  or  causing  any  two 
parts  of  the  room  to  differ  in  tempera- 
ture more  than  2°  F.,  or  the  maximum 
temperature  to  exceed  70°  F." 

The  list  of  buildings  of  various  kinds 
for  which  ventilation  is  necessary  is  by 
no  means  exhausted,  but  the  above  are 
the  chief  among  what  may  be  termed 
public  buildings.  Hotels,  office  build- 
ings, banks,  prisons,  etc.,  all  offer  condi- 
tions that  must  be  considered,  according 
to  the  same  principles  as  the  foregoing 
examples. 

There  are  a  great  variety  of  buildings 
devoted  to  special  trades  and  manufac- 
tures, for  which  special  allowances  must 
be  made.  The  impurities,  both  mechani- 
cal and  chemical,  given  off  in  various 
processes  of  manufacture,  should,  if  pos- 
sible, be  immediately  carried  away  at 
their  source  ;  but  this  cannot  always  be 
done,  and  then  a  large  supply  of  fresh 
air  is  required  to  sufficiently  dilute 
them  and  keep  the  air  of  the  room  in  a 
healthy  condition  for  the  workmen.  The 
accurate  estimate  of  the  supply  needed 
in  such  cases  is  a  very  difficult,  if  not 
impossible  problem.  It  is  almost  entire- 
ly a  matter  of  experience  and  judgment, 
although  it  must  be  admitted  that  the 
amount  of  available  experience  in  the 
subject  is  very  small.  The  amount  of  air 
supply  may  be  based  upon  the  number  of 
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people  present,  and  an  extra  allowance 
made  per  person  over  what  would  be  re- 
quired if  they  were  the  only  sources  of 
vitiation,  this  extra  amount  to  be  deter- 
mined by  experience ;  or,  an  extra  allow- 
ance may  be  made  in  bulk  for  all  the  spe- 
cial sources  of  impurity  independent  of 
the  number  of  workmen  present.  An  il- 
lustration of  the  former  method  is  given 
in  the  design  for  the  ventilation  of  the 
laboratories  of  the  Massachusetts  Insti- 
tute of  Technology,  described  in  the 
"  Sanitary  Engineer,"  of  October  30, 
1884: 

"For  recitation  rooms  and  lecture 
rooms  1,500  cubic  feet  per  hour  are  al- 
lowed to  each  occupant.  For  physical 
laboratories,  where  the  gaseous  products 
of  bunsen  names  and  electric  batteries 
are  likely  to  act  as  vitiating  agents,  2,000 
cubic  feet  per  hour  are  allowed.  For 
chemical  laboratories,  which  are  sup- 
posed to  be  supplied  with  effective 
hoods  for  the  collection  and  removal 
of  offensive  or  dangerous  gases  and 
fumes,  and  also  under  which  any 
work  evolving  a  considerable  quantity 
of  gas  is  supposed  to  be  done,  3,000 
cubic  feet ;  and  for  the  organic  chemical 
laboratory,  4,500  cubic  feet  are  allowed 
to  each  occupant  per  hour.  To  other 
rooms  of  the  chemical  floor,  as  the  li- 
brary, balance  room  and  volumetric  room, 
2,000  cubic  feet  was  apportioned  to  the 
individual,  because  of  the  proximity  of 
chemical  laboratories,  and  the  desirability 
of  being  able  to  produce  within  them  an 
excess  of  pressure,  causing  outward  air 
movement." 

With  regard  to  the  supply  of  1,500  cu- 
bic feet  in  lecture  rooms,  it  may  be  well 
to  quote  further — 

"  Good  ventilation  based  on  so  low  an 
estimate  as  1,500  cubic  feet  per  occu- 
pant would  not  be  possible  in  most  cli- 
mates, and  in  the  comparatively  dry  cli- 
mate of  New  England  that  allowance 
makes  the  most  efficient  and  economical 
use  of  the  supply  a  necessity." 

The  reason  for  the  distinction  made 
between  moist  and  dry  climates,  is  that 
the  impurities  would  not  be  so  disagree- 
able, because  less  noticeable,  in  the  latter, 
although  with  a  given  air  supply  they 
would  exist  the  same  in  both  cases.  It 
seems  a  little  unfortunate  to  make  this 
distinction,  when  the  avowed  purpose  of 
ventilation  is  not  merely  to  obtain  what 


is  agreeable,  but  to  go  a  step  beyond, 
and  attain  to  what  is  an  absolutely 
healthy  supply.  If  this  is  done  there 
can  hardly  be  any  practical  distinction 
for  moist  and  dry  climates.  But  the 
opinion  is  evident  in  the  quotation,  that 
a  supply  of  1,500  cubic  feet  per  hour  for 
each  person  is  little  enough  for  the  lec- 
ture rooms  of  a  college. 

There  is  a  class  of  buildings  that  has 
not  yet  been  alluded  to,  and  these  may 
best  be  described  as  private  buildings. 
Dwelling-houses  are  seldom  mentioned 
in  discussions  of  the  air  allowance  for 
buildings,  probably  for  the  reason  that  a 
systematic  air  allowance  is  seldom,  if 
ever,  made  for  them.  Nor  is  one  always 
needed.  This  statement  can  be  main- 
tained on  strictly  scientific  grounds,  even 
in  the  face  of  the  fact  that  ventilation  or 
change  of  air  is  always  necessary  where 
human  beings  are  present.  The  preced- 
ing analysis  of  the  conditions  influenc- 
ing the  amounts  required  in  ventilation 
places  us  in  a  position  to  do  so. 

In  addition  to  the  all-important  item — 
expense — natural  ventilation  and  cubic 
space  allowance  both  have  a  very  great 
influence  upon  the  ventilation  of  dwell- 
ings ;  so  great,  as  in  many  cases  to  make 
systematic  ventilation  practically  unnec- 
essary. In  many  cases,  but  decidedly 
not  in  all.  Dwellings  differ  largely  in 
their  requirements  for  ventilation,  and 
judgment  should  be  exercised  in  deciding 
when  a  thorough  ventilating  design  is 
necessary,  and  when  a  reasonably  healthy 
atmosphere  can  be  maintained  without 
it,  or  with  only  a  few  simple  devices  for 
the  circulation  of  air.  The  lines  on 
which  such  a  judgment  is  based  appear 
to  be  about  as  follows  : 

If  there  is  any  building  for  which  re- 
gard must  be  had  to  the  expense  of  ven- 
tilation, it  is  the  dwelling.  Public  build- 
ings are  usually  constructed  by  govern- 
ments, corporations,  or  wealthy  individ- 
uals, and  the  expense  of  a  thorough  sys- 
tem of  ventilation  is  very  small  in  com- 
parison to  the  cost  of  the  building,  and, 
considering  the  importance  of  the  mat- 
ter, should  be  cheerfully  met.  Not  so 
with  the  usual  private  house.  It  is  built 
for  the  man  who  is  toiling  over  a  city 
desk,  or  with  his  hands,  day  after  day  to 
provide  food  for  his  family,  and  from 
the  first  foundation  stone,  to  the  setting 
of  the  chimney  cap,  the  cost  is  never  lost 
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sight  of.  For  such  buildings,  the  ex- 
pense of  ventilation  must  be  brought 
down  to  the  lowest  practicable  limit,  or 
it  will  be  entirely  debarred.  For  pri- 
vate dwellings,  in  particular,  elaborate 
schemes  of  ventilation  are  a  failure,  be- 
cause too  costly.  Happily  it  is  possible 
to  obtain  a  fair  amount  of  ventilation  in 
many  cases  with  very  little  outlay,  either 
in  first  cost  or  in  running  expenses. 

The  usual  home  is  large  in  proportion 
to  the  number  of  people  it  covers.  Un- 
like the  theatre  or  the  concert  hall,  where 
the  audience  is  closely  packed,  the  sleep- 
ing room  has  rarely  more  than  two  in  it, 
and  even  the  family  sittiDg-room  in  mod- 
ern times  does  not  generally  contain 
over  five  or  six  persons.  The  proportion 
of  cubic  space  in  private  rooms  is  usual- 
ly quite  generous  to  each  person,  and  al- 
though any  amount  of  cubic  space  does 
not  in  itself  take  the  place  of  ventilation, 
yet  this  gives  a  better  opportunity  for 
natural  ventilation  to  change  the  air  than 
if  the  people  were  closely  crowded.  Nat- 
ural ventilation  is,  as  a  rule,  far  more 
active  in  houses  than  in  public  buildings, 
and  it  may  even  become  an  efficient 
means  of  ventilation  in  some  cases.  The 
wall  and  window  surface  per  individual 
is  large  in  private  rooms,  and  the  natu- 
ral ventilation  is  consequently  greater. 

Houses  are  generally  constructed  more 
lightly  than  larger  buildings,  and,  es- 
pecially with  frame  buildings,  there  is 
every  opportunity  for  very  active  natural 
ventilation.  I  have  sat  in  country  rooms 
with  the  outside  temperature  well  down 
toward  zero  and  seen  the  carpet  rise  and 
fall  with  each  wintry  gust,  as  it  forced 
its  way  under  the  floor.  Such  a  house 
must  surely  be  well  ventilated,  at  least 
while  the  wind  blows.  It  is,  perhaps, 
one  redeeming  feature  of  what  are  ex- 
pressively termed  "  skin  "  builders,  that 
the  houses  they  construct  give  every 
chance  for  natural  ventilation.  Specula- 
tion brown-stone  fronts,  put  up  a  row  at 
a  time,  are  very  expensive  to  warm,  for 
this  reason,  but  they  are  sometimes  bet- 
ter ventilated  than  the  more  carefully- 
constructed  building  beside  them,  that 
the  retired  merchant  has  taken  pride  in 
erecting. 

Natural  ventilation,  then,  can  be  largely 
calculated  upon  to  change  the  air  in  pri- 
vate houses,  and,  while  it  cannot  be 
claimed  to  be  always  sufficient,  yet  there 


are  many  cases  where  more  is  hardly  re- 
quired. During  the  summer  the  windows 
are  open  most  of  the  time.  During  the 
winter,  the  furnace,  if  properly  designed 
and  set,  will  supply  sufficient  fresh  air 
for  the  inmates,  not  to  speak  of  the  circu- 
lation that  is  constantly  going  on  through 
cracks  and  ill-fitting  windows.  Open 
fires,  if  used  in  addition  to  the  furnace 
— would  that  they  were  more  so — quite 
efficiently  ventilate  the  rooms  they  are 
in. 

Where  close  stoves  are  used,  little  can 
be  claimed  for  them  as  ventilating  agents, 
and  it  is  undeniable  that,  even  in  country 
houses,  rooms  are  sometimes  met  with 
that  are  as  close  as  the  stoves  them- 
selves. 

More  often,  however,  the  natural  circu- 
lation keeps  the  air  in  a  tolerable  condi- 
tion, and  a  few  simple  devices  will  much 
improve  the  ventilation  of  stove-heated 
rooms.  At  all  events,  a  systematic  sup- 
ply and  removal  of  air,  involving  contin- 
ual expense,  is  out  of  the  question  in  the 
great  majority  of  dwellings,  so  long  as 
experience  shows  that  they  are  habitable 
without  it.  Resource  must  be  had  to 
simple  and  cheap  means  of  aiding  the 
natural  ventilation  in  its  good  offices. 

The  opportunity  is  tempting,  here,  of 
digressing  into  a  discussion  of  the  ways 
in  which  a  fair  ventilation  can  be  cheaply 
obtained  in  houses  by  the  use  of  the  ap- 
pliances for  warming,  and  also  of  the 
various  means  of  warming  houses,  but 
the  aim  of  this  paper  is  not  to  describe 
how  to  ventilate,  but  how  much  to  venti- 
late. In  this  direction  enough  has  been 
said  to  substantiate  the  statement,  that, 
for  the  ordinary  private  house,  a  system- 
atic air  allowance  per  individual  is  almost 
an  absurdity,  and  that  for  many  of  them 
a  thorough  systematic  plan  of  ventilation 
is  unnecessary,  even  were  it  not  debarred 
by  reason  of  the  expense  inseparable  from 
it. 

The  only  dwellings  for  which  such  a 
plan  of  ventilation  is  not  out  of  the  ques- 
tion are  those  inhabited  by  the  wealthier 
classes.  Houses  for  which  a  large  sum 
has  been  paid  at  the  start,  and  whose 
yearly  expenses  are  so  considerable  as  to 
make  the  cost  of  running  the  ventilation 
merely  an  item  in  the  total  amount. 

Steam  heating,  by  indirect  radiation,  is 
becoming  quite  common  in  this  class  of 
buildings,  and  the  very  fact  of  properly 
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warming  by  this  method  involves  the 
flow  of  large  volumes  of  air  into  the 
rooms.  The  same  condition  should  ac- 
company the  use  of  furnaces,  and  would, 
if  they  were  made  warm-air  f  urnaces  in- 
stead of  hot-air  furnaces,  as  they  are  only 
too  justly  named. 

By  the  use  of  outlet  flues,  properly 
heated,  the  air  is  forced  out  of  the  rooms, 
and  excellent  ventilation  obtained.  Ven- 
tilation can  be  maintained  when  it  is  too 
cold  to  have  open  windows,  and  yet  too 
warm  for  using  the  heating  apparatus,  by 
heating  the  aspirating  shaft  or  flues. 
But,  even  for  these  houses,  it  is  easily 
seen  that  a  systematic  air  allowance  of  so 
many  cubic  feet  per  hour  for  each  in- 
dividual is  hardly  necessary.  For  rooms 
to  be  occupied  by  dinner  parties,  or 
crowded  during  social  gatherings,  such 
calculations  are  advisable  ;  not  so  for  the 
ordinary  household  rooms.  The  fact  is, 
that,  as  warming  apparatus  is  now  set  up, 
the  amount  of  air  entering  these  rooms 
depends  not  on  the  number  of  people 
using  them,  but  on  the  number  of  square 
feet  of  radiating  surface  that  experience 
shows  is  necessary  to  warm  them,  and  the 
amount  of  air  that  will  flow  over  this. 
With  the  exception  of  the  special  rooms 
mentioned,  this  will  practically  give  all 
the  ventilation  needed,  at  least  during 
cold  weather.  For  warmer  weather,  some 
way  of  exhausting  the  air  must  be  pro- 
vided. 

Of  course,  where  gas  is  used  for  illu- 
mination, some  means  of  specially  venti- 
lating it  should  be  used,  or  else  rooms 
not  supplied  with  systenf atic  ventilation 
will  become  unhealthy  during  the  evening. 


There  are  inexpensive  ways  of  ventilating^ 
gas  lights  that  should  not  be  omitted  in 
modern  houses.  But  even  if  this  is  not 
done,  and  the  absence  of  gas-light  venti- 
lation makes  systematic  ventilation  more 
necessary,  the  point  is  that  it  is  for  a 
special  source  of  vitiation,  entirely  in- 
dependent of  the  number  of  inmates  of 
the  room. 

The  endeavor  has  been  in  the  preced- 
ing remark  s»  concerning  the  ventilation  of 
dwelling-houses,  to  maintain  the  position 
taken  at  first,  that,  having  full  regard 
for  the  hygienic  condition  of  our  homes,, 
admitting  that  human  beings  require  a 
certain  amount  of  fresh  air  every  hour,, 
yet  a  systematic  air  allowance  based  on 
the  number  of  people  present  is  not  the 
necessary  or  the  best  way  of  treating  the 
subject  for  houses,  as  it  is  for  most  pub- 
lic buildings.  Booms  for  entertainments,, 
which  are  at  times  decidedly  public 
rather  than  private  in  their  use,  are  ex- 
cepted. 

This  may  not  be  admitted  by  all,  and 
yet  the  amount  of  air  supply,  even  in  cases, 
where  a  systematic  ventilation  is  planned 
for  houses,  is  and  will  be  decided  by  cer- 
tain practical  considerations,  that  will 
give  just  as  efficient  ventilation  as  if 
something  like  the  following  course  had 
been  pursued : 

That  room  will  hold  three  or  four  peo- 
ple, and  must  have  so  many  cubic  feet  of 
air  per  minute.  This  bedroom  will  ac- 
commodate two,  and  must  have  so  much. 
Only  the  cook  stays  in  the  kitchen,  we 
will  give  it  half  as  much  as  the  bedroom. 
Nobody  lives  in  the  hallway,  so  there  can 
be  no  need  of  ventilating  it  at  all. 


CONTRIBUTIONS  TO  THE  STUDY  OF  ANTISEPTICS. 

By  F.  Boillat. 
From  "Journal  fur  Praktische  Chemie,"  for  Transactions  of  Institution  of  Civil  Engineers. 


The  researches  recorded  in  this  paper 
were  undertaken  on  account  of  the  ap- 
pearance of  a  pamphlet  on  disinfection  by 
Dr.  B.  Koch.  Koch  states  therein  that 
of  the  substances  at  present  employed  as 
antiseptics,  the  only  ones  worthy  of  the 
name  are  chlorine,  bromine,  iodine,  cor- 
rosive sublimate,  with  possibly  potassium 
permanganate  and  osmic  acid.     This  con- 


tradiction of  generally- accepted  facts  is 
not,  however,  considered  as  strong  as  it 
appears.  In  medicine,  and  more  especi- 
ally in  surgery,  it  is  sufficient  if  the  anti- 
septic employed  is  capable  of  preventing 
the  formation  of  micro-organisms  which 
are  detected  by  examining  the  wound 
and  its  secreted  matter  under  the  micro- 
scope, and  if  the  propagation  of  organ- 
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isms  is  arrested  for  a   time  long  enough 
to  allow  the  wound  to  heal,  the  antisep- 
tic has  fulfilled  all  its  requirements.     It 
has,    however,    never    been    determined 
why,  by  the  use  of  a  particular  antiseptic, 
putrefaction  and  the  development  of  mi- 
cro-organisms   is   prevented,  and    it  has 
been  supposed  in  general  that  the  sub- 
stance destroys    germs  or  arrests    their 
propagation.      It    is    evident,    however, 
that  substances  such  as  phenol,  chloride 
of  zinc,  acids,  corrosive  sublimate,  ethe- 
real oils,  &c,  all  of  which  differ  in  chemi- 
cal constitution,  cannot  possibly  act  on  the 
vitality  and  development   of  bacteria  in 
the  same  destructive  manner.     Moreover, 
a  number  of  these  micro-organisms,  e.g., 
the  splenetic   fever   germs,  form   spores 
which,  as  may  be  expected,  resist  the  ac- 
tion of  antiseptics  very  powerfully.     As 
soon  as  inquiries  are   made  into  the  in- 
jurious effects  of  antiseptics  on  the  de- 
velopment and  vitality  of  organisms  and 
their  spores,  it  immediately  becomes  nec- 
essary to  subject  antiseptic  agents  to  a 
proper  classification.     Koch,  who  has  in- 
Testigated  the  action  of  various  antisep- 
tics on  definite  species — Monas  prodigl- 
osa  and  Bacillus  anthracis — by  allowing 
the  micro-organisms  under  examination 
to  remain  in  the  antiseptic  medium  for  a 
longer    or    shorter   period,   and    subse- 
quently introducing  them  into  a  suitable 
nutritive  solution,  and  regarding  the  ap- 
pearance or  non-appearance  of  their  de- 
velopment and   propagation  as   a   crite- 
rion of    their  vitality,  must   necessarily 
have  arrived  at  a  different   opinion   with 
regard  to  the  efficacy  of  many  antiseptic 
substances.      On    reading    through   his 
work,  however,  one  readily  conceives  that 
even  his  mode  of  judging  the  value  of  an 
antiseptic   is   one-sided.      For  instance, 
the  spores  of  the  splenetic  fever  organ- 
ism, after  being  preserved  for  many  days 
in  a  1-per-cent.  aqueous  solution  of  phe- 
nol, or  in  a  5  per-cent.[solution  of  calcium 
chloride,  do  not  lose   their  capability  of 
development ;  their  propagation  is,  how- 
ever, arrested,  and   this  is  of  great   im- 
portance for   medical  purposes ;   for  al- 
though substances  like  chlorine,  bromine, 
acids,  &c,  would  effectually  destroy  bac- 
teria and  their  spores,  they  would  in  most 
cases,  when  applied  in  the  same,  or  even 
in  less  concentration,  destroy  the  tissues 
of   animal  organisms.      The   application 
of  such  substances  for  the  treatment  of 


wounds  is  therefore  not  practicable.  Un- 
til it  is  possible  to  find  a  specific  poison 
for  germs  which  will  not  injure  the  hu- 
man organism,  the  antiseptics  employed 
for  the  treatment  of  wounds  will  be  those 
which  are  more  or  less  injurious  to  the 
animal  tissues,  but  severely  injure  the  vi- 
tality micro-organisms,  i.  e.,  arrest  their 
development.  The  use  of  destructive 
disinfectants,  such  as  alkaline  solu- 
tions, &c,  is  adapted  only,  and  that  to  a 
limited  extent,  to  the  preservation  of  life- 
less objects.  This  explains  why,  e.  </., 
chloride  of  zinc,  although  it  does  not  kill 
the  spores  of  the  splenetic-fever  germs 
in  a  5-per-cent.  solution,  is  nevertheless  a 
good  antiseptic  agent.  Koch  erroneous- 
ly asserts  that  chloride  of  zinc  does  not 
possess  the  property  of  arresting  the  de- 
velopment of  bacteria. 

Most  antiseptics  are  characterized  by 
the  circumstance  that  they  coagulate  dis- 
solved albumen,  forming  permanent  in- 
soluble compounds  therewith.  On  treat- 
ing blood  serum  or  egg  albumen  with  a 
dilute  solution  of  sulphate  or  chloride  of 
zinc,  Lieberkiihn's  zinc  albuminate  hav- 
ing the  composition  C„HliaN18S03a  +  Zrc 
02H2,  and  containing  4.74  per  cent,  zinc, 
is  formed,  a  similar  reaction  occurs  when 
the  wound  is  treated  with  the  solution  of 
a  metallic  salt.  That  chloride  of  zinc, 
corrosive  sublimate,  chloride  of  iron,  &c, 
do  not  remain  as  such  on  the  surface  of 
the  wound,  but  combine  with  the  albu- 
men of  the  tissues,  there  is  no  longer  a 
doubt.  In  order  to  determine  how  far 
these  metallic  salts,  when  placed  on 
wounds  or  brought  into  contact  with  al- 
bumen, act  as  antiseptics,  it  is  necessary 
to  investigate  the  behavior  of  micro- 
organisms on  such  albuminous  metallic 
precipitates.  Such  experiments  have,  to 
my  knowledge  never  been  made,  and  at 
the  suggestion  of  Professor  Nencki  I 
have  undertaken  this  work  in  the  inter- 
est of  a  rational  study  of  antiseptics. 

Samples  of  blood  serum  and  egg  albu- 
men, the  latter  diluted  with  three  or  four 
times  its  weight  of  water  were  treated 
with  an  excess  of  solutions  of  phenol, 
chloride  of  zinc,  sulphate  of  copper,  and 
corrosive  sublimate,  and  the  resulting 
precipitates  washed  on  filters  until  the 
wash  water  was  free  from  the  precipi- 
tant ;  2  or  3  grains  of  the  moist  precipi- 
tate was  then  made  up  with  water  to  a 
thin  paste,  and  allowed  to  remain  at  the 
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ordinary  temperature,  loosely  covered 
with  bell-glass.  Watch-glasses,  contain- 
ing fresh  blood  serum  and  Koch's  nutri- 


tive gelatine,  served  to  control  the  experi- 
ment. The  results  of  these  experiments 
are  shown  in  the  following  table: 


Albuminates. 

Time  after 
which  the  first 
Micro-organ- 
isms were  ob- 
served. 
In  Days. 

Time  after 
which  putrefac- 
tion and  bad 
smell  were 
observed. 

Remarks. 

1.  Serum 

1 
1 
2 

2 

28 

31 

31 

42 
45 

2 

4 
6 
6 

40 

46 

46 
60 
60 

f  After  the  fourth  day  fungi  ap- 
peared, which  grew  rapidly, 
j      covering  the  whole  sub- 
[_     stance  after  ten  days. 
[  After  forty-six  days  the  sub- 
stance which  had  been  light 
blue,  changed  and  gave  up 
1      the  blue  to  the  water.   After 
]      thirty -one  days  fungi  ap- 
peared which  covered  the 
whole  of  the  substance  in 
[_     fifty-four  days. 
(After  fifty-four  days  the  sub- 
•<     stance  assumed  a  dark  color 
(     and  strongly  putrid  smell. 
Ditto. 

No  fungoid  growth. 
Ditto. 

2.  Nutritive  gelatine 

3.  Phenol  albumen  serum 

4.  Phenol  albumen  (white  of  egg) 

5.  Copper  albumen 

6.  Zinc  albuminate  serum 

7.  Zinc  albuminate  (white  of  egg). 

8.  Mercury  albumen  serum 

9.  Mercury  albumen  (white  of  egg) 

In  a  second  series  of  trials  the  same 
metallic  albuminates  (prepared  from 
blood  serum)  were  sown  with  a  green 
coccus  found  on  an  infusion  of  coffee.     It 


consisted  of  cocci  of  an  average  diam- 
eter of  1.0  micro-millimeter,  partly  iso- 
lated, and  partly  joined  together  in 
masses : 


Albuminates. 

Time  after  which  the  sown 

Fungus  showed  a  distinct 

increase.     In  days. 

Remarks. 

1.  Nutritive  gelatine 

2.  Copper  albumen 

3.  Zinc  albuminate 

4.  Mercury  albumen 

2 
No  growth 

u 

« 

"  Even  after  the  lapse  of  four  weeks  it 
was  not  possible  to  detect,  either 
mucroscopically  ©r  microscopically 
an  increase  of  the  inocculated 
places. 

In  a  third  series  of  experiments  splenetic-fever  germs  were  dried  on  silk  threads 
and  brought  into  contact  with  the  metallic  albuminates. 


Albuminates. 

Time  at  which  the  Spores  of 

splenetic-fever  germs  grew 

to  threads.     In  Days. 

Remarks. 

1.  Nutritive  gelatine 

2.  Copper  albumen 

3.  Zinc  albuminate 

4.  Mercury  albumen 

1 
No  growth 

a 
it 

<  Even  after  four  weeks  no  growth  of 
(      the  spores  was  observable.  * 
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The  same  experiment  was  repeated 
with  splenetic  fever  bacilli.  The  latter 
rapidly  shot  out  of  the  nutritive  gelatine 
in  threads,  which  contained  spores,  within 
the  space  of  from  three  to  four  days. 
On  the  metallic  albuminates,  however, 
it  was  impossible  to  observe  growth  of 
any  kind.  From  these  experiments  the 
followiDg  conclusions  may  be  drawn  : 

1.  The  substances  serving  to  control 
the  first  series  of  experiments  exhib- 
ited fungoid  growth  in  twenty  -  four 
hours,  and  showed  distinct  signs  of  putre- 
faction in  from  two  to  four  days.  The 
green  micro -cocci,  sown  with  nutritive 
gelatine,  in  the  second  series  of  trials  in- 
creased perceptibly  in  two  days,  whilst 
the  spores  in  the  control  substances  of 
the  third  series  of  experiments  had  grown 
into  threads. 

2.  The  albumen  precipitated  by  phe- 
nol, and  subsequently  washed,  became 
putrid  in  the  first  series  of  experiments 
in  forty-eight  hours.  This  coincidence, 
remarkable  on  account  of  the  permanency 
of  the  metallic  albuminates,  is  explained 
in  a  simple  manner.  The  coagulum  of  al- 
bumen produced  by  carbolic  acid,  when 
washed  completely  with  water,  was  per- 
fectly odorless,  and  on  heating  a  large 
quantity  of  it  with  dilute  sulphuric  acid 
in  a  retort,  to  the  boiling  point,  the  dis- 
tillate was  perfectly  free  from  phenol 
when  tested  with  bromine.  It  is  pos- 
sible, therefore,  to  completely  wash  out 
the  phenol  from  the  phenol  albumen  pre- 
cipitate, and  this  explains  why  the  phe- 
nol albumen,  like  the  substances  used  to 
control  the  experiment  had  become 
putrid. 

3.  The  copper,  zinc,  and  mercury  albu- 
minates proved  to  be  unfavorable  nutri- 
tive agents  for  micro-organisms.  They 
would  probably  resist  putrefaction  for  an 
unlimited  period  if  they  were  not  exposed 
to  the  action  of  atmospheric  oxygen  and 
water,  by  which  action  they  appear  to 
undergo  gradual  decomposition.  It  is  an 
interesting  fact  that  the  antiseptic  action 
of  the  inorganic  metallic  salts  is  the  same 
as  that  of  the  corresponding  albumen 
compounds.  Mercuric  chloride  being  the 
most  powerful  antiseptic,  albuminate  of 
mercury  also  resists  putrefaction  for  the 
longest  period. 

My  experiments  explain  the  differences  [ 
of  opinion  which  exist  between  the  state- 
ments   of   those   authors   who    consider ! 


chloride  of  zinc  a  valuable  antiseptic  and 
the  experiments  of  Koch,  according  to 
which,  he  fails  to  realize  why  chloride  of 
zinc  has  ever  received  the  name  of  a  dis- 
infectant. The  metallic  salts,  when  in- 
troduced into  albuminous  nutritive  solu- 
tions or  placed  on  wounds,  immediately 
produce  metallic  albuminates,  which  com- 
pounds, although  per  se  not  poisons  for 
germs,  are  no  longer  suitable  for  their 
nutrition,  so  that  if,  e.  g.,  chloride  of  zinc 
is  placed  on  the  wound,  or  introduced 
into  the  nutritive  solution  in  sufficient 
quantity  to  convert  the  whole  of  the  al- 
bumen into  zinc  albuminate,  the  latter 
would  resist  decomposition  by  fungoid 
matter  for  a  long  time.  Thus,  e.  g.,  Am- 
uat,  in  his  experiments  for  preventing 
the  putrefaction  of  pancreas,  used,  for  30 
grams  of  the  latter,  300  grams  of  a  1  per 
cent,  solution  of  chloride  of  zinc.  There 
is  no  doubt  that  the  3  grams  of  chloride 
of  zinc  employed  were  more  than  enough 
to  coagulate  the  albumen  contained  in  30 
grams  of  new  glanders.  In  order  to  test 
the  action  of  chloride  of  zinc  in  arresting 
the  development  of  germs,  Koch  made 
the  following  experiment.  He  added  to 
10  c.  c.  of  the  serum  of  blood  a  solution 
of  chloride  of  zinc,  so  that  the  total  liquid 
contained  1  per  cent,  of  chloride  of  zinc  -% 
a  second  quantity  of  serum  was  treated 
so  as  to  contain  5  per  cent,  of  chloride 
of  zinc  in  the  total  solution.  Silk  threads,, 
with  the  spores  of  the  splenetic-fever  or- 
ganism, were  then  introduced  into  the 
solutions  and  examined  under  the  micro- 
scope. After  the  lapse  of  twenty-four 
hours  the  spores  contained  in  both  ves- 
sels had  grown  to  threads,  their  vegeta- 
tion having  been  the  same  as  that  ob- 
served with  the  substances  serving  to 
control  the  tests.  It  is  not  stated 
whether  the  quantity  of  chloride  of  zino 
employed  was  sufficient  to  precipitate  the 
whole  of  the  albumen  and  retain  an  ex- 
cess of  chloride  of  zinc  in  solution.  If, 
however,  as  appears  probable,  the  quan- 
tity of  chloride  of  zinc  was  only  large 
enough  to  throw  down  the  whole  of  the 
albumen  contained  in  the  serum,  the  ex- 
periment has  no  meaning.  The  chloride 
of  zinc  is  decomposed  into  hydrochloric 
acid  and  zinc  albuminate,  and  it  is  easily 
conceivable  that  the  spores  have  grown 
to  threads,  having  found  enough  nour- 
ishment in  the  unprecipitated  portion  of 
the  albumen,  and  in  the  remainder  of  the 
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constituents  of  the  serum.  From  a  simi- 
lar reason  corrosive  sublimate,  which, 
according  to  the  researches  of  Buchholtz, 
surpasses  all  other  antiseptics  when  add- 
ed to  solutions  of  albumen,  is  converted 
into  mercury  albuminate,  and  no  longer 
possesses  the  same  antiseptic  properties 
which  characterize  chloride  of  mercury. 
Koch  injected  1  gram  of  a  1  per  cent, 
solution  of  corrosive  sublimate  into  a 
Guinea  pig,  and  inocculated  it  on  the 
same  day  with  splenetic  fever  bacilli.  The 
next  day  the  inocculated  places  were 
much  reddened  and  swollen.  The  Guinea 
pig  then  received,  on  the  morning  of  the 
second  day,  2  grams  of  the  same  solution 
of  corrosive  sublimate.  According  to 
Koch's  estimation,  this  quantity  would 
be  sufficient  to  prevent  the  growth  of 
bacilli  in  a  nutritive  solution  equal  in 
weight  to  the  whole  body  of  the  animal 
experimented  with.  The  animal,  never- 
theless, died  during  the  following  night, 
from  splenetic-fever.  The  explanation  of 
this  is  very  simple.  The  3  milligrams  of 
corrosive  sublimate  injected  into  the  pig 
were  sufficient  to  convert  only  a  small 
portion  of  the  soluble  albumen  into  mer- 
cury albuminate.  As  the  latter  is  readily 
soluble  in  an  excess  of  albumen,  and  also 
in  solutions  of  common  salt,  and  is  not  a 
direct  poison  for  micro-organisms,  the 
injected  solution  of  corrosive  sublimate 
could  not  exercise  any  influence  over  the 
inocculated  splenetic- fever  bacilli. 

In  the  course  of  my  investigations  I 
have  tested  the  antiseptic  action  of  an- 
other antiseptic  agent,  the  use  of  which 
for  surgical  purposes,  although  consider- 
able at  first,  has  been  abandoned,  viz., 
iodoform  and  the  chemical  compounds  re- 
lated thereto.  As  the  pancreas  and  the 
liver  of  animals  contain  large  quantities 
of  micro-organisms,  and  the  soluble  fer- 
ments contained  in  the  glands  of  the 
stomach  promote  putrefaction,  I  used  the 
pancreas  of  oxen,  as  being  the  most  reli- 
able criterion  of  testing  these  substances 
for  their  capability  of  arresting  the  de- 
velopment of  germs.  20  grams  of  pan- 
creas and  2  grams  of  iodoform  were  added 
to  100  grams  of  water ;  the  mixture  was 
well  shaken,  and  allowed  to  stand  at  a 
temperature  of  from,  35°  to  38°  Centi- 
grade, the  whole  had  a  strong  odor  of 
iodoform.  After  twenty-four  hours'  stand- 
ing the  pancreas  became  putrid,  as  though 
it  had  been  in  pure  water.     The  experi- 


ment was  then  repeated  with  the  follow- 
ing modification :  10  grams  of  perfectly 
fresh  pancreas  was  intimately  mixed  with 
2  grams  of  iodoform,  and  treated  with 
enough  water  to  cover  it  and  prevent  it 
from  drying.  The  temperature  was  35° 
to  38°  Centigrade.  After  the  lapse  of 
twenty-four  hours  this  mixture  became 
as  putrid  as  the  first.  As,  according  to 
the  opinions  of  most  experimentalists, 
iodoform,  when  applied  to  wounds,  acts 
as  an  antiseptic,  inasmuch  as  it  is  gradu- 
ally decomposed  with  the  liberation  of 
iodine,  and  the  latter  is  the  real  active 
agent,  I  tried  to  replace  the  iodoform  by 
carbon  tetri  oxide,  CI4,  a  substance  pre- 
pared a  few  years  ago  by  Gustavson.  Its 
preparation  in  a  pure  form  and  on  a  large 
scale  was,  however,  very  troublesome.  I 
have,  on  the  other  hand,  examined  the 
antiseptic  action  of  the  three  carbon 
chlorides,  viz.,  carbon  dichloride  (C2C£4) 
carbon  hexachloride  (C2C£fi),  and  carbon 
tetrachloride  (CCl4).  Experiments  were 
made  also  with  the  two  bromotoluenes — 
the  solid  and  liquid — with  pyrogalloldi- 
methylether  and  paracresol.  The  results, 
which  are  illustrated  in  the  subjoined 
Table,  show  that  cresol  only  arrests  the 
development  of  fungoid  germs,  its  action 
being  equal  to  that  of  phenol.  The  other 
substances,  which  were  used  in  the  pro- 
portion of  1  to  100  of  water,  were  per- 
fectly inactive.  In  these  experiments  20 
grams  of  pancreas  were  treated  with  100 
grams  of  water,  and  digested  with  the 
substance  under  examination  at  35°  to 
38°  Centigrade. 


REPORTS  OF  ENGINEERING  SOCIETIES. 

American  Society  of  Civil  Engineers. — At 
the  meeting  of  the  Society,  held  Oct.  7, 
the  Secretary  announced  the  appointment  of 
Mr.  L.  G.  F.  Bouscaren,  Mr.  Robert  Moore  and 
Mr.  W.  Howard  White,  as  a  board  of  censors 
to  award  the  Norman  Medal;  the  board  to 
award  the  Rowland  prize,  will  be  Mr.  Mendes 
Cohen,  Mr.  E.  P.  North  and  the  Secretary  of 
the  Society.  The  deaths  of  Wilmon  W.  C. 
Sites,  Member,  and  Thomas  C.  Durant,  Fellow 
of  the  Society  were  announced.  The  members 
of  the  Society  adopted  by  letter-ballot  a  resolu- 
tion, presented  at  the  Deer  Park  Convention, 
appointing  a  committee  of  five  members  to  con- 
sider and  report  to  the  Society  on  the  proper 
relation  which  the  form  of  the  head  and  rail 
should  bear  to  the  section  of  a  car-wheel  tread 
and  flange. 

The  paper  of  the  evening  was  read  by  Mr. 
Edward  Bates  Dorsey,  it  being  a  supplement  to 
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his  paper  on  "English  and  American  Railroads 
Compared,"  presented  at  the  Annual  Conven- 
tion of  June  24.  In  this  supplement  Mr.  Dor- 
sey  compared  in  detail  the  operating  expenses 
of  the  systems  of  England  and  the  United 
States.  In  point  of  traffic  it  seems  that  the 
American  railroads  average  more  than  double 
freight,  and  only  eleven  per  cent,  less  passenger 
traffic  than  the  English.  The  Boston  and  Albany 
R.  R.  is  shown  to  have  a  larger  passenger  and 
freight  traffic  than  any  of  the  large  trunk  lines 
of  England. 

The  following  gentlemen  were  declared 
elected  to  the  classes  named. 

For  Members— William  Price  Craighill, 
Lieut.-Col.  of  Engineers,  U.  S.  A.,  Baltimore, 
Md. ;  Hiram  Stevens  Maxim,  Managing  Di- 
rector and  Mechanical  Engineer  of  the  Maxim 
Gun  Co. ,  London,  Eng. 

For  Juniors — Bernard  Frank  Booker,  Brook- 
lyn, X.  Y  ;  formerly  engaged  upon  Atchison, 
Topeka  and  Santa  Fe  R.  R.,  and  recently  Divi- 
sion Engineer,  Tampico  Branch,  Mexican 
Central  R.  R.  ;  Thomas  John  Brereton,  Main- 
tenance of  Way  Department,  Pennsylvania  R. 
R.,  Altoona,  Pa.;  Joseph  Maxwell  Carrere, 
New  York  Steam  Co.,  New  York  ;  recently  en- 
gaged upon  Burlington  and  Missouri  River  R. 
R.  ;  Charles  P.  Matlack,  City  Engineer,  San 
Antonio,  Texas  ;  formerly  engaged  with  Key- 
stone Bridge  Company,  on  United  Pipe  Lines, 
Bradford,  Pa.  ;  on  International  and  Great 
Northern  R.  R.,  Texas;  on  Mexican  National 
R.  R, 
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Maximum  Wind  Peessuee. — During  the 
hearing  by  the  Parliamentary  Committee, 
of  the  case  for  the  promoters  of  the  Tower 
Bridge  over  the  Thames,  Mr.  B.  Baker,  who 
was  called  to  prove  the  stability  of  the  pro- 
posed structure,  gave  evidence  upon  the  phe- 
nomena of  wind  pressure  as  observed  by  him 
in  connection  with  the  construction  of  the 
Forth  Bridge.  Mr.  Baker  stated  that,  from  re- 
corded observations  in  the  Firth  of  Forth,  ex- 
tending over  many  years,  he  has  come  to  the 
conclusion  that  no  pressure  at  all  approaching 
56  pounds  per  square  foot  can  prevail  over  a 
surface  of  any  magnitude .  He  declared  that 
no  such  pressure  has  for  many  years  occurred 
in  the  Thames  valley,  instancing,  in  proof  of 
this  assertion,  the  number  of  large  gasholders 
scattered  up  and  down  the  river  side.  If  a 
hurricane  of  56  pounds  to  the  square  foot  had 
encountered  any  of  these  structures.  Mr.  Baker 
believes  they  would  have  been  doubled  up  and 
blown  across  London,  as  they  have  no  power 
of  resistance  to  external  pressures  beyond  the 
pressure  of  the  gas  from  within,  which  he 
values  at  not  more  than  18  pounds  per  square 
foot.  If,  therefore,  not  the  slightest  damage  of 
any  kind  has  ever  been  done  by  wind  to  any  of 
the  London  gasholders,  which  is  a  fact,  it  is  a 
demonstration  that  they  have  never  been  ex- 
posed to  a  pressure  of  56  pounds  per  foot.  It 
is  Mr.  Baker's  experience  at  the  Forth  Bridge 
works  that  a  gale,  registering  by  his  im- 
proved instruments  not  more  than  16^ 
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pounds  per  square  foot,  completely  stops  all 
ordinary  traffic  on  the  estuary,  preventing  the 
running,  even,  of  powerful  ferry-boats.  Mr. 
Baker  believes  that  this  pressure  is  rarely  ex- 
ceeded. He  declines  to  place  credit  in  ordi- 
nary anemometer  readings,  which  sometimes 
show  extreme  velocities,  and  he  points  out  that 
trains  do  not  cease  running  in  gales  when  ane- 
mometers will  register  46  pounds  pressure  to 
the  foot,  though  a  pressure  of  40  pounds  of 
wind  per  square  foot  on  its  exposed  side  would 
certainly  upset  an  ordinary  train. — EngineeHng 
News. 

Apiece  of  very  rapid  well-boring  is  reported 
by  Messrs.  Le  Grand  and  Sutcliff,  at  Brick 
Kiln  Farm,  Wolverton,  near  Stony  Stratford, 
where  they  bored  50  ft.  of  artesian  boring,  of 
5  in.  diameter,  in  a  single  day  of  eleven  hours. 
Previous  to  this,  they  say,  40  ft.  was  the  great- 
est depth  reached  in  one  day. 

Lieut.  Hilliaed,  navigating  officer  of  the 
Orion,  has  made  a  long  and  careful  survey 
of  the  entrance  to  Alexandria.  He  finds  that 
the  channel  to  the  east  of  the  present  Boghaz 
Pass  requires  very  little  deepening,  by  dredging 
or  dynamite,  and  the  ground  being  soft  the  ex- 
pense would  be  small.  The  channel  would  be 
available  night  and  day,  and  is  desirable  es- 
pecially for  the  English  Navy.  As  at  present, 
the  Orion  is  the  only  large  ship  of  the  Mediter- 
ranean fleet  able  to  enter  the  harbor. 

A  new  trans-Alpine  line,  the  St.  Bernard 
i\  Railway,  is  likely  to  be  commenced  before 
veiy  long,  and  to  be,  when  completed,  a  dan- 
gerous competitor  for  the  through  traffic  with 
the  already  existing  route  of  St.  Gothard.  One 
of  the  principal  features  of  the  new  project  is 
that  the  indispensable  tunnel  under  the  Alps — 
at  the  Col  Ferret — will  be  very  much  shorter 
than  any  other,  either  constructed  or  proposed 
to  be  constructed.  The  length  will  be  only  9£ 
kilometers  (5f  miles),  while  the  St.  Gothard 
tunnel  is  15  (9£  miles),  the  Mont  Cenis  12,  and 
those  under  the  Simplon  and  Mont  Blanc  20  and 
19  kilometers  respectively.  The  total  length  of 
the  St.  Bernard  line  will  be  but  138  kilometers, 
or  86  miles,  making  a  saving  between  London 
and  Brindisi  over  the  St.  Gothard  route  of  59£ 
miles. 

At  a  recent  meeting  of  the  Berlin  Physical 
Society,  Dr.  Konig  produced  a  new  appa- 
ratus for  the  measurement  of  the  modulus  of 
elasticity,  which  was  constructed  according  to 
the  suggestions  of  Herr  von  Helmholtz,  and 
was  utilized  in  the  Institute  for  measurements 
of  elasticity.  The  modulus  of  elasticity  was 
determined  by  loading  in  the  middle  a  bar  of 
the  substance  to  be  examined,  resting  both  ends 
on  firm  supports.  The  flexion  which  set  in  was 
measured  by  means  of  the  cathetometer,  and, 
its  value  being  introduced  into  the  formula  of 
the  elasiic  theory,  furnished  the  modulus  of 
elasticity.  A  source  of  error  in  these  measure- 
ments arose  from  the  circumstance  that  the  bar 
resting  on  edges  was  in  part  pressed  in  and 
sank,  as  a  whole.  This  depression  was  the 
greater  as  the  loading  was  greater,  and  it  added 
to  the  magnitude  of  the  deflex.  To  avoid  this 
disturbance  in  the  account,  Professor  Kirch- 
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koff,  in  1859,  placed  horizontal  mirrors  on  the 
two  ends  of  the  bar,  and,  by  means  of  telescope 
and  scale,  observed  at  each  side  the  change  in 
situation  of  each  mirror,  a  change  which  oc- 
curred in  consequence  of  the  deflexion  under 
the  loading  in  the  middle,  and  which  produced 
on  both  sides  an  opposite  displacement  of  the 
scale.  The  sinking  of  the  bar  on  account  of 
the  pressure  on  the  edges,  and  even  a  slanting 
position  on  the  part  of  the  whole  bar,  exercised 
no  influence  in  these  measurements.  The  ap- 
paratus suggested  by  Professor  von  Helmholtz 
developed  this  principle  still  further.  It  had 
two  perpendicular  mirrors,  with  the  reflecting 
surface  directed  inwards  at  the  two  ends  of  the 
bar ;  on  one  side  stood  a  scale,  on  the  other  a 
telescope.  The  image  of  the  scale  fell  on  the 
opposite  mirror,  then  on  the  second  mirror,  and 
thence  into  the  telescope.  If,  now,  the  bar 
were  loaded  so  that  deflexion  occurred,  then 
the  image  in  the  telescope  became  displaced  to 
the  extent  corresponding  with  the  angular 
changes  of  the  two  mirrors.  By  glancing, 
therefore,  into  the  telescope,  the  whole  amount 
of  deflexion  might  be  very  rapidly  and  conveni- 
ently measured,  and  the  loading  altered  at 
pleasure.  The  commencement  of  the  elastic 
after-effect  might  likewise  be  directly  observed 
with  great  facility. 

Peobablt  few  cities  on  the  Continent  have 
such  a  complete,  and  yet  so  novel,  service 
of  tramways  as  the  free  city  of  Hamburg. 
Scarcely  a  strasse  of  any  importance  is  with 
out  its  steam  or  horse  tramway,  whilst  in 
a  great  number  of  the  streets  in  Hamburg 
and  Altona  the  peculiar  feature  is  the  adoption 
of  a  vehicle  that  can  be  run  either  upon  the 
tram-lines  as  a  tramcar,  or  upon  the  ordinary 
road  as  a  carriage.  The  conveyance  in  ques- 
tion has  five  wheels:  four  ordinary  coach- 
wheels,  with  a  radiating  leading  axle,  when 
used  upon  the  paved  roads,  and  when  used 
upon  the  tram-lines  a  small  flange  wheel,  under 
the  control  of  the  driver,  is  lowered  upon  the 
rail,  when  by  its  flange  running  in  the  groove 
of  the  rail,  the  car  is  kept  on  the  metals,  and 
assuming  the  curves  to  be  properly  constructed, 
no  difficulty  is  experienced,  whilst  in  the  event 
of  any  obstruction  upon  the  line,  the  matter  of 
diversion  of  the  car  is  exceedingly  simple. 
There  are  three  different  tramway  companies  in 
the  city,  the  most  recent  one  being  the  Ham- 
burg, Altona,  and  North-Western  Tramway 
Company.  Until  recently,  this  company's  ter- 
minus was  the  Millernthor,  near  St.  Pauli,  some 
distance  from  the  center  of  the  city.  This  state 
of  things  will,  however,  soon  cease  to  exist,  the 
company  having  obtained  a  further  concession, 
which  will  enable  them  to  run  their  cars  to  the 
Rodins  Markt,  the  necessary  works  of  line  con- 
struction, depots,  now  being  carried  out  by  the 
contractor,  Mr.  John  Fell,  of  Leamington ;  the 
engineer  of  the  company  being  Mr.  E.  Pritchard, 
M.  Inst.  C.  E. ;  and  when  completed,  it  is  con- 
fidently assumed,  a  great  increase  in  the  re- 
ceipts will  be  the  result. 

AN  American  contemporary  gives  an  account 
of  a  great  irrigating  canal  scheme  now  in 
progress  in  Merced  County,  California.  Merced, 
the  capital  of  the  county,  lies  in  the  heart  of  the 


San  Joaquin  Valley,  which  has  been  for  some 
years  the  chief  wheat-producing  section  of  the 
State.  The  valley  extends  from  the  Sierra 
Nevadas  on  the  east  to  the  skirt  of  the  coast 
range  on  the  west,  its  greatest  width  being 
ninety  miles,  and  its  length  from  north  to  south 
about  forty  miles.  The  town  of  Merced  is  ex- 
pected to  make  enormous  strides  when  the 
canal  is  completed.  The  first  side  of  the  ditch 
suggests  the  earthworks  of  a  fort,  the  ground 
being  ridged  up  from  6  ft.  to  8  ft.  There  are  300 
men  at  work  on  the  canal.  The  undertaking 
was  begun  on  March  14th,  1883,  and  has  been 
carried  on  continuously  ever  since.  The  canal 
will  run  across  the  country  from  the  Merced 
river  just  above  Snelling  to  Plainsburgh,  ten 
miles  below  the  city  of  Merced,  on  the  Southern 
Pacific  Railroad.  The  slope  during  this  whole 
distance  is  a  gradual  one,  and  the  canal  is  car- 
ried well  up  on  a  slight  elevation,  so  that  with- 
out artificial  means  the  water  will  flow  over  the 
wide  extent  of  level  valley  land  which  is  to  be 
irrigated.  The  entire  length  of  the  canal  will 
be  thirty-five  miles,  of  which  sixteen  miles  are 
now  completed.  In  the  portion  which  has  been 
built  there  is  one  tunnel  a  trifle  over  a  mile 
long,  and  another  of  1600  ft.  is  now  being  ex- 
cavated. The  general  grade  of  the  canal  is  1 
ft.  to  the  mile.  Among  the  hands  employed 
are  150  Chinese,  who  are  excellent  workmen. 
They  receive  $1  a  day  and  board  themselves, 
while  the  white  men  receive  $20  a  month  and 
their  board.  The  Chinese  live  in  a  camp  by 
themselves  and  run  their  own  commissariat. 
The  company  who  have  charge  of  the  enter- 
prise have  expended  already  $700,000,  and  it  is 
roughly  estimated  that  the  entire  cost  of  the 
work  will  be  double  that  sum. 

The  Petit  Marseillais  says  that  the  under- 
ground telegraph  line  from  Paris  to  Lyons 
and  Marseilles  is  completed,  and  the  wires  will 
be  used  as  soon  as  the  instruments  destined  for 
them  are  placed  in  the  offices  at  Paris,  Lyons, 
and  Marseilles.  Underground  lines  will  also  be 
laid  between  Marseilles,  Toulon,  and  .Nice. 
Marseilles  and  Havre  are  already  connected  by 
a  direct  wire,  and  this  not  only  secures  rapid 
communications  between  the  two  ports,  but 
places  Marseilles  in  direct  connection  with 
the  United  States,  as  the  Marseilles-Havre  wire 
is  to  all  intents  and  purposes  the  prolongation 
of  the  Franco-American  cable  which  abuts  at 
Havre. 

Accoeding  to  American  advices,  the  Panama 
Canal  Company  is  in  difficulties.  Some 
time  ago  a  New  York  Engineer  was  sent  to 
Panama  to  examine  into  the  affairs  of  the  Canal 
Company  in  the  interests  of  a  New  York  syn- 
dicate, who  proposed  to  contract  for  building 
the  canal.  It  is  sufficient  to  say  that  his  advice 
was  to  wait  for  the  crisis  which  was  near  at 
hand.  Up  to  September,  1884,  M.  de  Lesseps 
and  his  company  had  raised  111,000,000  dollars 
and  expended  104,000,000  dollars,  their  liabili- 
ties being  153,000,000  dollars,  their  securities 
being  sold  at  a  discount.  May  1st,  1885,  less 
than  10  per  cent,  of  their  excavation,  or  12,- 
376,500  cubic  meters,  had  been  completed,  the 
total  being  estimated  at  from  125  to  150  million 
meters,  and  there  is  the  dam  for  the  Chagres 
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river,  for  which  no  foundation  has  been  found 
after  boring  to  the  depth  of  60  ft.  The  e  ntire 
cost  of  the  canal  is  estimated  at  not  less  than 
530,000,000  dollars,  representing  liabilities 
amounting  to  600,000,000  dollars.  The  Finan- 
cial News  estimates  that  upon  this  scale  of  lia- 
bility there  will  be  an  annual  deficit  of  ten 
millions  of  dollars. 


IRON  AND  STEEL  NOTES. 

The  Rolling  Qualities  of  High  Phosphor- 
us Steel. — One  of  the  points  in  connec- 
tion with  the  Clapp-Griffiths  process  which  has 
caused  prominent  engineers  to  hesitate  in 
adopting  it,  has  been  the  doubt  as  to  the  practi- 
cability of  rolling  high  phosphorus  steel.  A 
test  recently  made  at  the  Edgar  Thomson 
Steel  Works  has,  therefore,  particular  interest. 
Two  14-inch  ingots  from  the  Oliver  plant  were 
charged  into  a  hot  furnace,  and  after  remaining 
in  it  for  two  and  a-half  hours,  they  were  given 
four  passes  on  the  blooming  train.  The  steel 
rolled  exceedingly  well,  the  reduction  on  the 
first  pass  being  2  inches,  and  on  the  second  1^ 
inch.  After  being  rolled  to  10^  inches  square, 
the  ingots  were  taken  to  the  forge,  and  were  re- 
duced to  2^-inch  by  14-inch  slabs.  The  ex- 
periment, which  was  made  to  ascertain  whether 
the  steel  would  stand  the  heavy  reductions  of 
regular  blooming  mills,  was  entirely  satisfac- 
tory. The  chemical  composition  of  the  steel 
was:  Phosphorus,  0.318;  carbon,  0.1;  man- 
ganese, 0.648  ;  sulphur,  0.047;  silicon,  0.008 
per  cent.  We  understand  that  on  one  occasion, 
by  an  accident,  no  manganese  was  added  to  the 
charge,  and  yet  the  steel  rolled  well,  and  since 
then  steel  has  been  made  without  adding  ferro- 
manganese,  which  rolled  as  well  as  steel  made 
in  the  ordinary  way. 
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The  Expansion  of  Rails  by  Heat. — Major 
Marindin,  in  his  report  to  the  Board  of 
Trade  on  the  causes  of  the  accident  which  oc- 
curred on  August  2,  on  the  Great  North  of 
Scotland  Railway,  between  Martle  and  Inver- 
amsay  stations,  states  that  the  accident  was  due 
to  the  distortion  of  the  line,  the  rail  on  the  right 
side  (and  according  to  one  witness,  the  corre- 
sponding rail  on  the  left  side)  being  bent  for 
over  an  inch  at  a  point  42  feet  behind  the  mark 
of  the  wheel  flange  on  the  left  rail.  As  there 
was  no  defect  in  the  engine,  and  the  driver's 
estimate  of  the  speed— viz.,  25  miles  an  hour — 
is  probably  correct,  Major  Marindin  can  only 
attribute  the  distortion  of  the  rail  to  an  expan- 
sion of  the  metal  from  the  heat  of  the  sun,  as 
it  is  in  evidence  that  the  sun  was  exceedingly 
hot  upon  the  day  in  question.  He  considers 
that  the  only  way  of  guarding  against  such  ac- 
cidents as  this  would  be  by  having  a  midday 
examination  of  the  line  in  exceptionally  hot 
weather,  especially  upon  lines  where  the  per- 
manent way  is  not  of  the  heaviest  type.  It 
will  be  remembered  that  in  this  accident,  as  the 
12.25  p.  m.  up  passenger  train  from  Macduff  to 
Inveramsay  was  running  down  an  incline  of  1 
in  177,  about  1£  mile  north  of  Inveramsay,  one 


of  the  carriages,  probably  the  second  from  the 
engine,  left  the  rails.  The  train  was  running 
at  a  speed  of  about  25  or  30  miles  an  hour,  and 
the  engine  ran  for  about  235  yards  before  com- 
ing to  a  stand,  when  it  was  found  that  the  lead- 
ing wheels  of  the  leading  carriage  were  off  the 
rails,  the  second  carriage  was  upset  on  its  right 
side,  the  third  was  off  the  rails  across  the  line, 
and  the  rear  vehicle,  a  break  van,  had  broken 
away  from  the  train,  and  was  lying  against  the 
bank  on  the  left  side  of  the  line,  about  147 
yards  behind  the  rear  passenger  carriage.  The 
couplings  between  the  tender  and  leading  ve- 
hicle were  not  broken,  but  the  screw  couplings 
between  the  first  and  second,  second  and  third, 
and  third  and  fourth  vehicles  were  broken,  and 
the  side  chains  between  the  first  and  second 
vehicles  were  loose,  between  the  second  and 
third  were  holding,  and  between  the  third  and 
fourth  were  broken  at  the  hooks. 

The  number  of  tons  of  freight  transported 
on  American  railroads  in  1884  equaled 
390,074,749,  against  400,453,439  tons  in  1883, 
the  falling  off  equaling  10,378,690  tons,  the  rate 
of  decrease  being  about  2£  per  cent.  The 
value  of  the  tonnage  moved  in  1884,  estimating 
its  value  at  $25  the  ton,  equaled  $9,751,868,725. 
The  number  of  tons  transported  one  mile  in 
1884  equaled  44,725,208,277  tons,  against  44,- 
064,923,445  tons  moved  one  mile  in  1883,  the 
increase  of  service  performed  for  the  year 
equaling  660,284,238  tons  moved  one  mile,  the 
rate  of  increase  being  about  1§  per  cent. 

An  American  contemporary  says:  "The 
Pike's  Peak  Railway,  which  is  expected 
to  be  in  operation  this  year,  will  be  the  most 
notable  piece  of  track  in  the  world.  It  will 
mount  2,000  feet  higher  than  the  Lima  and 
Oroya  Railway,  in  Peru.  It  is  now  in  opera- 
tion to  a  point  over  12,000  feet  above  the  sea 
level.  The  entire  30  miles  of  its  length  will  be 
a  succession  of  complicated  curves  and  grades, 
with  no  piece  of  straight  track  longer  than  300 
feet.  The  maximum  grade  will  be  316  feet  to 
the  mile,  and  the  average  grade  270  feet.  The 
line  will  abound  in  curves  from  500  to  1,000 
feet  long,  in  which  the  radius  changes  every 
chain." 

The  rates  per  ton  per  mile  for  1884  of 
freight  carried  on  the  United  States  Rail- 
ways equaled  1.124  cent,  against  1.236  cent 
for  1883,  the  falling  off  equaling  1.12  mill  per 
ton  per  mile.  Had  the  rates  for  1883  been 
maintained  for  1884,  the  earnings  from  freight 
would  have  been  $553,694,042,  in  place  of 
$502,869,901,  the  amount  actually  received. 
Had  the  rates  of  1883  for  the  transportation  of 
passengers  and  freights  been  maintained  for 
1884,  the  gross  earnings  of  all  the  roads  would 
have  been  $827,525,371,  exceeding  by  $56,840,- 
463  the  amount  actually  received,  and  greater, 
by  83,752,447,  than  the  earnings  for  1883.  It 
will  thus  be  seen  that  the  decline  in  the  earn- 
ings for  the  past  year  was  due  wholly  to  the  re- 
duction in  rates  charged. 

During  the  six  months  ending  June  30th, 
435  failures  of  tires  and  169  failures  of 
axles  took  place  on  British  railways.  Of  the 
435  tires  which  failed,  9  were  engine  tires,  8 
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were  tender  tires,  2  were  carriage  tires,  7  were 
van  tires,  and  409  were  wagon  tires ;  of  the 
wagons,  307  belonged  to  owners  other  than  the 
railway  companies  ;  388  tires  were  made  of  iron 
and  47  of  steel ;  11  of  the  tires  were  fastened 
to  their  wheels  by  Gibson's  patent  method,  6  by 
Man  sell's,  and  1  by  Beattie's,  none  of  which 
left  their  wheels  when  they  failed  ;  410  by  bolts 
or  rivets,  two  of  which  left  their  wheels  when 
they  failed,  and  seven  by  other  methods,  one  of 
which  left  its  wheel  when  it  failed;  16  tires 
broke  at  rivet  holes,  5  i  in  the  solid,  and  362 
split  longitudinally,  or  bulged.  Of  the  169 
axles  which  failed,  99  were  engine  axles,  viz., 
86  crank  or  driving,  and  13  leading  or  trailing  ■ 
6  were  tender  axles,  2  were  carriage  axles,  60 
were  wagon  axles,  and  2  were  axles  of  salt  vans. 
Twenty-nine  wagons,  including  the  salt  vans, 
belonged  to  owners  other  than  the  railway  com- 
panies. Of  the  86  crank  or  driving  axles,  66 
were  made  of  iron  and  20  of  steel.  The  aver- 
age mileage  of  66  iron  axles  was  229,569  miles, 
and  of  20  steel  axles,  202,715  miles. 

The  number  of  persons  transported  in  1884 
by  all  the  American  lines  was,  according 
to  Poor's  Manual  334,814,529,  against  312,686,- 
641  for  1883,  the  increase  for  the  year  being 
22,127,888,  the  rate  of  increase  equaling  7.8 
per  cent.  The  number  of  passengers  carried 
one  mile  in  1884  equaled  8,778,581,051,  against 
8,541,309,674  in  1883,  the  increase  equaling 
237,271,387  persons  carried  one  mile,  the  rate 
of  increase  equaling  very  nearly  3  per  cent. 
The  distance  traveled  by  each  passenger  in 
1884  equaled  26.24  miles  ;  in  1883,  27.32  miles. 
The  amount  received  per  passenger  per  mile 
equaled  2.356c  in  1884,  against  2.422c.  in  1883. 
Had  the  passenger  rates  for  1883  been  main- 
tained for  1884,  the  earnings  from  this  source 
would  have  equaled  $212,617,233— a  sum  $5,- 
826,532  greater  than  that  received 
Tj^HE  First  French  Railway. — In  two  years' 
_L  time  France  will  celebrate  the  jubilee  of 
the  establishment  of  railways.  The  first  French 
railway — that  from  Paris  to  Saint-Germain, 
which  became  the  nucleus  of  the  Great  West- 
ern of  France — was  opened  on  August  27,  1837. 
Its  construction  was  sanctioned  just  fifty  years 
ago.  The  late  Emil  Pereire  undertook  to  make 
this  line  of  18  kilometers  (10  miles)  at  his  own 
cost  and  risk.  It  had  taken  nearly  three  years 
to  obtain  the  consent  of  the  authorities,  the 
contention  of  Thiers  being  that  railways  could 
never  be  more  than  a  mere  toy,  while  Arago 
also  doubted  their  utility.  The  requisite  capi- 
tal of  6,000,000  francs  was  not  easy  to  raise,  al- 
though two  bankers,  Eichthal  and  Thurneys- 
sen,  had  deposited  the  200,000  francs  caution 
money ;  but  the  difficulties  were  surmounted 
when  Pereire  won  over  the  Rothschilds  and 
Samson  Davilliers.  France  has  now  31,000 
kilometers  (19,220  miles)  of  railways,  convey- 
ing 180,000,000  passengers  a  year,  and  the 
gross  receipts  are  1,150,000,000  francs.  Two 
hundred  and  twenty-three  thousand  persons 
are  employed  on  these  railways,  and  the  State 
derives  a  revenue  of  83,000,000  francs  from 
them. 

The  approximate  weights  of  the  fast  trains 
on  the  New  York  division  of  the  Penn- 


sylvania Railroad  are  given  as  follows  by  the 
St  Louis  Railway  Register  /--Engine,  ready  for 
service,  96,700  lbs. ;  tender,  ready  for  service, 
56,300  lbs. ;  two  men  on  engine,  300  lbs. ;  one 
combined  car,  30,000  lbs. ;  one  parlor  car, 
50,000  lbs. ;  two  passenger  coaches,  80,000  lbs. ; 
140  passengers,  estimated  21,000  lbs. ;  total, 
342,300  lbs.  Coal,  estimated  5,000  lbs. ;  water, 
3,700  gallons :  average  schedule  speed,  48,01 
miles ;  maximum  schedule  speed  per  hour, 
55.08  miles ;  distance  from  Jersey  City  to  Phil- 
adelphia, 89.06  miles. 

rpHERE  appears  to  be  a  basis  of  fact  for  the 
X  .National  Zeitung's  assertion  that  the  Chi- 
nese government  has  at  last  decided  to  adopt  a 
"forward  policy"  in  regard  to  railways,  and 
that  a  contract  has  been  signed  with  a  Man- 
chester firm  for  making  a  line  from  Taku  to 
Tong-Chow.  This  firm  has  undertaken  to 
supply  the  material  and  the  rolling  stock,  while 
the  Chinese  government  is  to  furnish  the  capital 
and  the  labor.  The  construction  of  the  line 
will  be  left  in  the  hands  of  the  Manchester 
firm,  which  will  also  work  it  when  open.  The 
loan  of  100  million  florins,  for  which  the  Chi- 
nese government  is  now  negotiating  with  sev- 
eral Dutch  and  German  banking  houses,  is 
doubtless,  thinks  the  National  Zeitung,  con- 
nected with  this  project.  The  Loudon  Times 
and  other  journals  have  lately  been  eloquent 
on  the  grand  future  for  enterprise  in  China. 
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An  important  addition  is  made  to  the  unar- 
mored  fast  cruisers  of  the  Royal  Navy  by 
the  launch  on  the  Medway  of  the  new  steel 
cruiser  Severn,  twelve  guns,  3,550  tons,  6,000 
horse-power.  The  Severn,  which  has  been 
built  at  Chatham  Dockyard,  is  a  more  power- 
ful vessel  than  the  cruisers  of  the  Leander  type, 
and  will  also  possess  a  greater  steam  power, 
her  engines  being  estimated  to  produce  an  ad- 
ditional indicated  horse-power  of  1,000.  The 
vessel  will  be  mounted  with  twelve  6-in.  steel 
breech-loading  guns,  on  the  Vavasseur  system, 
twelve  Gardner  and  Nordenfelt  machine  guns, 
and  Whitehead  torpedoes. 

It  is  said  that  a  new  substance  for  ships'  ar- 
mor has  been  satisfactorily  tried.  It  is  ob- 
tained from  cocoanut  cellulose,  and  has  the 
property,  when  penetrated  by  shot  and  shell, 
or  even  after  the  explosion  of  a  torpedo,  of 
closing  up  as  rapidly  as  it  has  been  perforated, 
and  thus  preventing  the  influx  of  water  into 
the  ship's  hold.  Some  important  experiments 
have  lately  been  made  with  the  composition  be- 
fore a  French  commission  at  Toulon.  The 
commission  submitted  the  composition  to  a 
three-fold  test :  against  shot,  shell,  and  torpedo. 
The  target  was  a  cofferdam,  made  of  a  mixture 
of  fourteen  parts  of  pulverized  cellulose,  and 
one  part  of  cellulose  in  fiber.  This  composi- 
tion was  compressed  to  a  felt-like  mass,  of 
which  one  cubic  meter  weighed  120  kilo- 
grams, or  one  cubic  foot — about  8  lbs.  A  layer 
of  beams  4f  in.  thick  represented  the  side  of 
the  ship,  behind  which  there  was  a  layer  of 
the  new  material  2  ft.  thick.  Against  this  tar- 
get a   7^-in.  solid   shot  was  fired,  which  pene- 
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trated  it,  taking  with  it  not  quite  one-fifth  of  a 
cubic  foot  of  composition — a  very  small  quan- 
tity, considering  the  size  of  the  shot.  But  as 
soon  as  the  shofhad  passed  through  the  target 
the  cellulose  composition  closed  up  again,  and 
so  firmly  that  a  strongman  was  unable  to  force 
his  arm  through  the  opening  made.  A  box 
filled  with  water  was  then  fixed  against  the 
aperture,  the  contents  of  which  ought  to  have 
acted  in  the  same  way  as  if  the  cofferdam  had 
been  washed  by  the  sea.  It  was  observed  that 
a  few  drops  of  water  began  to  percolate  after 
the  lapse  of  from  ten  to  fifteen  minutes,  and 
even  after  the  composition  had  become  well 
saturated  with  water,  only  between  three  and 
five  pints  of  water  escaped  per  minute,  which 
could  easily  be  intercepted  by  pails.  As  soon 
as  the  cellulose  had  become  thoroughly  soaked 
and  grown  denser  it  offered  greater  resistance 
to  the  percolation  of  water,  which  finally  al- 
most ceased  to  flow. 

A     Scandinavian  correspondent  writes  that 
ii     in    the    early  part   of   September  some 
important    experiments    were   to    be    carried 
out  in  the    Sound,    with   the  last   engine    of 
torpedo   warfare,  constructed  by  M.    Xorden- 
felt,  viz.,  a  submarine  torpedo' boat,  built  at 
Karlsvik,  near  Stockholm.     "  This  terrible  ad- 
junct of  our  modern  destructive  warfare  is  fit- 
ted with   engines   indicating  100-horse  power, 
and  will,  it  is  said,  easily  attain  a  speed  of  fif- 
teen miles  an  hour  above,  and  thirteen  miles  be- 
low, the  surface  of  the  water.     When  the  boat 
is  about  to  attack  a  hostile  vessel,  she  is  sunk 
to  the  required  depth  by  the  admission  of  water 
into  tanks,  but  it  is  only  intended  to  be  sub- 
merged to  the   depth  of  a  foot   or  two  when 
about  to  attack.     On  catching  the  shadow  on 
the  water  of  the  unsuspecting  war  ship,  the 
Whitehead    torpedoes,    with    which     she     is 
equipped,  are  discharged  against  the  bottom  of 
the    vessel,  which    will    have    the    effect    of 
sinking  her.     When  the  work  of  destruction  is 
complete,  the  boat   re-emerges  from  the  water 
by  the  operation  of  special  automatic  machin- 
ery.    The  hull  itself,  which   is   constructed  of 
Swedish  soft  steel,  of  a  minimum  thickness  of 
i  in.,  is  of  the  cigar  pattern,  and  is  only  with 
difficulty  visible,  even  when  floating  on  the  sur- 
face.    The  length  of  the  boat  is  64  ft. ,  and  the 
diameter  abouf  8  ft. ,  the  engine  room  being  7^ 
ft.  in  height,  and  the  gross  weight  of  the  whole 
vessel  when  fully  manned  and  equipped  is  60 
tons.     A  sort  of  bell-shaped  glass  cupola  rises 
from  the   center  of  the   boat,  into  which  the 
steersman  puts  his   head  when  under  water, 
thus  commanding  an  all-round  view,  and  en- 
abling him  to  direct  the  general  movements  of 
the  craft.     In  case  of  accident,  the   vessel  is 
divided  into  water-tight  compartments,  and  ex- 
tra pumping  machinery  is  provided,  to  be  used 
in  the  event  of  any  portion  of  the  automatic 
machinery  failing  to  raise  the  vessel  to  the  sur- 
face.    The  crew  consists  of  three  men,  and  the 
armament   of  four  torpedoes,  two  being  of  the 
''fish"   pattern,  and  two  of  the  ordinary  spar 
kind.     Against   such   an  insidious  foe  as   the 
boat  constructed  by  Nordenfelt,  it  is  obvious 
that  the  ordinary  wire  netting  for  the  defence 
of  ironclads  from   the  hitherto  employed  tor- 
pedo boats  will  be  useless  ;  and  if  the  boat  ful- 


fills expectations,  warfare  with  our  present 
huge  vessels  promises  to  be  in  serious  jeop- 
ardy." 

Gunnery  Experiments. — The  authorities  of 
the  War  Department  desire  to  have  it  known 
that  the  damage  done  to  a  gun  during  the  re- 
cent experiments  with  high  explosives  at  Lydd 
was  due  to  no  fault  of  the  gun,  but  to  the  ex- 
plosion inside  the  bore,  of  a  shell  charged  with 
the  most  violent  of  all  explosive  agents — blast- 
ing gelatine.  The  object  of  the  experiments 
was  to  ascertain  how  far  the  tendency  of  such 
like  varieties  of  the  nitro-glycerine  series  to  de- 
tonate on  slight  provocation  could  be  brought 
under  control,  it  being  very  desirable,  if  prac- 
ticable, to  use  something  more  powerful  than 
gunpowder  for  shell  charges.  The  dangerous 
compounds  were  therefore  packed  and  padded 
as  carefully  as  possible  in  their  shells,  in  the 
hope  of  overcoming  or  reducing  the  concussion 
of  discharge  when  the  gun  was  fired;  but  it 
was  known  that  premature  bursts  were  likely 
to  occur  at  any  moment,  and  it  was  also  known 
that  if  one  of  the  shells  burst  within  the  gun, 
however  strong  the  gun  might  be,  the  gun  must 
"go."  So  far  as  the  results  are  allowed  to 
transpire,  it  may  be  inferred  that  very  few  of 
the  shells  remained  intact  until  they  reached 
the  target.  Several  broke  up  after  leaving  the 
muzzle,  and  one  charged,  as  aforesaid,  with 
blasting  gelatine,  burst  inside,  with  the  natural 
consequence  of  destruction  to  the  gun.  As  the 
experimental  committee  have  been  congratu- 
lated on  the  absence  of  accidents,  it  may  also 
be  said  that  in  all  such  hazardous  investigation 
they  keep  well  under  cover  and  fire  the  guns  by 
electricity.  For  some  time  past  it  has  been  the 
practice  at  Woolwich  Arsenal  to  try  test  tubes 
of  steel,  an  inch  or  so  in  diameter,  to  prove  the 
quality  of  the  metal,  the  artillerists  being  in 
want  of  a  lining  for  their  guns  which  shall  re- 
sist the  erosive  action  of  the  powder  and  pro- 
jectiles, and  some  of  these  have  failed  at  proof. 
This,  also,  has  given  rise  to  a  report  that  guns 
have  burst  at  the  proof  butts,  and  this  report 
the  authorities  wish  likewise  to  correct  by  this 
explanation. 

TTIex  and  Twelve-inch  Armstrong  Guns  at 
_L  Cadiz  — Major  C.  Jones,  late  R.  A.,  gives 
an  account  in  the  current  number  of  R.  A. 
"Proceedings"  of  a  trial  of  10-in.  and  12-in. 
guns  supplied  by  Elswick  to  Spain,  which  took 
place  at  Cadiz,  last  December.  It  is  not  neces- 
sary to  give  all  the  details,  because  the  guns, 
which  were  put  in  hand  in  1882,  are  not  of  the 
newest  pattern.  They  are  both  breech-loaders, 
made  of  steel  and  coils  of  iron,  with  Elswick 
obturators.  The  10-in  gun  weighed  26  tons, 
the  12-in.  43  tons,  having  barrels  something 
over  25  calibers  long.  The  projectiles  weighed 
400  lbs.  and  700  lbs.  respectively,  and  were 
fired  with  charges  of  200  lbs.  and  310  lbs.,  hav- 
ing muzzle  velocities  of  2,025  and  2,000  feet-sec- 
onds and  11,374  and  19,415  foot-tons  muzzle 
energy.  Calculated  perforation  at  muzzle, 
19.5  in.  and  23.5  in.  of  iron. 

The  mounting,  and  security  of  pivot  and 
foundations  having  been  tried,  chilled  projec- 
tiles were  fired  at  armor  targets.  The  back  of 
the  target  before  it  was    made  up  for  firing, 
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had  a  sand-bag  butt  to  prevent  movement  of 
the  target  and  to  stop  the  shot.  The  target 
consisted  of  four  thicknesses  of  plates,  each  10 
cm.  (3.94  in.)  thick,  15f  in.  in  all,  backed  by 
25  in.  of  wood,  to  which  it  was  bolted.  The 
12-in.  gun  fired  three  rounds  at  this  structure, 
of  which  the  following  table  gives  the  details  : 
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The  three  projectiles  struck  the  spots  aimed  at 
exactly,  the  plate  being  as  shown  in  the  table, 
225  meters— 246  yards— from  the  muzzle  of  the 
gun.  The  three  projectiles  were  dug  out  from 
the  sand  at  the  back  of  the  target.  The  first 
two  were  entire,  the  third  one  was  partly 
broken.  That  the  12-in.  gun  shot  with  1,575 
ft.  velocity  should  perforate  15f  in.  in  four 
layers  is  only  to  be  expected.     The  projectile 

W 

having   a  sectional  density  expressed  by  =-j 

=0.4,  the  rule  of  thumb  of  1  caliber  per- 
foration for  every  1,000  ft.  velocity  holds 
good  very  nearly — that  is,  the  perforation 
due  to  1,575  ft.  velocity  is  not  far  from  18.9 
in.  It  actually  works  out  18.3  in.  for  a  single 
plate,  and  for  one  made  up  to  four  thicknesses, 
20  in.  The  projectiles  were  therefore  sure  to 
perforate.  The  noteworthy  feature  is  that  they 
held  together  so  well  after  perforation.  They 
were  selected  haphazard  from  the  supply,  and 
therefore   show  that  at  Elswick  a  remarkably 


high  degree  of  excellence  has  been  reached  in 
chilled  or  Palliser  projectiles.  The  same  thing 
has  taken  place  at  Woolwich.  It  is  not  a  mat- 
ter of  unqualified  satisfaction  to  us  to  notice 
this,  because  we  fear  it  tends  to  keep  back  the 
development  of  steel  shells.  So  long  as  soft 
iron  armor  is  fired  at,  the  most  excellent  steel 
can  offer  hardly  any  advantage  over  chilled 
iron  for  projectiles,  beyond  that  of  holding  bet- 
ter together  after  perforation  is  accomplished. 
Even  against  some  steel-faced  armor  or  very 
soft  steel,  it  appears  questionable  if  steel  shells- 
offer  any  commensurate  advantage  for  their 
great  cost.  Unfortunately,  against  really  hard 
armor  we  have  reason  to  believe  that  chilled 
iron  could  not  compare  with  steel  at  all,  and 
this  class  of  armor  is  seldom  fired  at  in  this 
country 

To  return,  however,  to  the  Elswick  guns,  we 
have  only  to  add  that  the  trial  is  reported  as 
satisfactory  in  all  respects.  The  feature  that 
chiefly  strikes  us  is  the  excellence  of  the  pro- 
jectiles. 

The  New  Toepedo  Boats. — A  large  sea- 
going torpedo  boat,  the  first  of  the  series 
of  forty  which  the  country  owes  to  the  recent 
popular  agitation  on  "The  State  of  the 
Navy,"  was  tried  in  August  in  the  Thames. 
The  vessel  has  been  built  by  Messrs  Yarrow  & 
Co.,  of  Poplar,  being  one  of  twenty  that  the 
government  has  ordered  of  that  firm.  The 
trial  was,  according  to  present  regulations,  for 
two  hours'  continuous  steaming  at  full  speed, 
and  during  that  time,  and  as  nearly  as  possible 
in  the  middle  of  the  two  hours,  six  runs  were 
made  on  the  measured  mile.  A  mean  speed  of 
19£  knots  was  realized,  19  knots  being  the 
guaranteed  speed,  with  an  air  pressure  in  the 
stokehold  of  only  3^  in. ,  as  shown  by  the  air 
gauge.  The  boat  is  125  ft.  long,  13  ft.  wide 
and  8  ft.  deep.  She  has,  naturally,  far  more 
accommodation  than  the  first-class  torpedo 
boats  hitherto  constructed,  being  able  to  berth 
well  a  crew  of  twelve  or  thirteen  men  forward, 
whilst  there  is  comfortable  room  for  the  offi- 
cers aft.  Special  care  has  been  taken  to  pro- 
vide efficient  ventilation  in  the  new  boats,  and 
it  is  hoped  that  the  great  discomfort  hitherto 
found  when  at  sea  for  any  lengthened  period 
will  be  materially  reduced.  There  is  one  tube 
forward  for  ejecting  torpedoes  right  ahead, 
and  arrangements  are  made  for  firing  four  tor- 
pedoes from  either  side,  or  two  from  one  side 
and  two  from  the  other  at  the  option  of  the 
officer  in  charge.  The  number  of  torpedoes 
carried  will  be  five,  one  in  the  bow  gun  and 
four  in  four  guns  for  side  firing.  It  will  thus 
be  seen  that  there  are  five  torpedoes  all  ready 
to  be  discharged  at  a  moment's  notice.  This  is 
considered  a  far  better  arrangement  than  ham- 
pering the  boat  with  a  number  of  spare  tor- 
pedoes, of  which  none  will  be  carried.  There 
will  also  be  two  machine  guns,  one  being 
placed  on  the  top  of  each  conning  tower. 
There  are  two  conning  towers,  one  forward 
and  the  other  aft.  Provision  is  made  for  steer- 
ing the  vessel  from  either  of  these  towers,  so 
that  should  one  get  damaged  in  action  the 
other  will  be  available.  The  four  side-firing 
torpedo  guns  are  fixed  two  to  each  conning 
tower  in  such  a  manner  that  they  can  be  made 


BOOK   NOTICES. 


439 


to  revolve  so  as  to  secure  any  angle  of  fire, 
which  plan  was  originated  by  the  authorities  of 
the  Yernon.  The  impulse  by  compressed  air  is 
to  be  superseded  by  the  simpler  and  equally 
efficient  system  of  ejecting  by  gunpowder  The 
engines  are  of  the  usual  type  fitted  by  Messrs. 
Yarrow  in  vessels  of  this  class,  the  cylinders 
being  14^  in.  and  26  in.  in  diameter  by  16  in. 
stroke.  The  boiler  is  of  the  locomotive  type, 
and  contains  the  usual  special  features  intro- 
duced by  Messrs.  Yarrow  &  Co.  for  torpedo 
boat  work.  The  total  heating  surface  is  1,200 
square  feet,  and  the  grate  surface,  30  square 
feet.  The  indicated  horse-power  on  trial  was 
not  accurately  obtained,  but  is  estimated  at  700, 
the  steam-pressure  being  123  lbs.,  and  the  en- 
gines running  at  376  revolutions  a  minute.  It 
was  noticeable  that  throughout  the  two  hours' 
trial  the  speed  of  the  engine  only  varied  within 
the  small  limits  of  1^  per  cent,  more  or  less 
than  376.  It  is  estimated  that  sufficient  coal 
can  be  carried  for  a  continuous  run  of  2,000 
knots  at  a  speed  of  ten  knots  an  hour,  the 
bunkers  holding  about  twenty-three  tons.  This 
most  recent  addition  to  our  torpedo  fleet  would 
undoubtedly  prove  a  very  formidable  antago- 
nist at  sea,  being  sufficiently  powerful  to  oper- 
ate in  any  reasonable  weather.  She  is  the 
result  of  the  accumulated  experience  of  several 
years,  and  the  country  is  to  be  congratulated  in 
having  got  her  and  her  sister  vessels  well  to  the 
fore  before  they  are  actually  wanted. 
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LECTURES  ON  THE  PRINCIPLES  OF  HOUSE 
Drainage.  By  J.  Pickering  Putnam. 
Boston  :  Ticknor  &  Co.     Price  75  cents. 

There  are  three  parts  to  this  compact  little 
work.  The  first  part  deals  with  Traps  exclu- 
sively. Good  and  bad  forms  of  construction 
are  described  ;  the  evils  to  be  avoided,  and  the 
way  to  avoid  them,  are  presented  and  illus- 
trated by  good  diagrams. 

Wash-basins  and  Water-closets  are  fully  de- 
scribed in  the  second  part.  The  illustrations 
are  numerous  and  good. 

Part  three  deals  with  Soil  and  Drain  Pipes. 
First,  the  materials  are  considered,  and  then  the 


methods  of  jointing.  The  illustrations  of  this 
subject  are  not  so  numerous,  but  evidently  suf- 
ficient for  the  purpose. 

The  work  will  prove  valuable  to  builders  or 
house  designers. 

rpHE  Mathematical  Theory  of  Electricity 
1     and    Magnetism.      By    H.   W.  Watson, 
F.  R.  S.  and  S.  H.  Burbury,  M.  A.     Yol.  I. 
Oxford :  Clarendon  Press. 

The  authors  regard  this  treatise  as  an  intro- 
duction to,  or  commentary  upon,  Clerk-Max- 
well's work,  and  is,  therefore,  more  widely 
useful  to  the  average  student.  By  this,  how- 
ever, is  meant  the  student  of  mathematics,  not 
of  applied  electricity. 

The  copies  presented  in  the  present  volume, 
dealing  with  Electrostatics  only,  are :  Green's 
Theorem ;  Spherical  Harmonics  ;  Potential ; 
Description  of  Phenomena  ;  Electrical  Theory  ; 
Application  to  particular  cases  :  The  Theory  of 
Inversion  applied ;  Electrical  Systems,  in  two 
dimensions;  Systems  of  Conductors  ;  Electrical 
Energy;  Specific  Inductive  Capacity;  The 
Electric  Current ;  Thermoelectric  Currents  ; 
Polarization  of  the  Dielectric. 

Modern  Molding  and  Pattern-Making. — 
By  Joseph  P.  Mullin,  M.  E.  New 
York:  D.  Yan  Nostrand.     Price  $2.50. 

This  book  is  prepared  for  workmen  by  an 
artisan,  and,  like  works  of  its  class,  is  very 
concise.  The  above  title  is  made  to  compre- 
hend a  large  variety  of  acquirements. 

The  author  begins  with  an  essay  on  the  duties 
of  draftsmen,  and  explains  wherein  their  labors 
are  intimately  related  to  those  of  the  molders. 

This  is  followed  by  descriptions  of  the  ma- 
chinery of  the  pattern  shop.  Then  come  Mold- 
ing Spur  Gears,  Worm  Gears,  Sheave  Wheels, 
Fly  Wheels  and  Band  Wheels. 

Considerable  space  is  devoted  to  cylinder 
work  of  different  kinds. 

Lathes,  Mining  Machinery,  and  Propeller 
Screws  are  the  subjects  of  three  separate  chap- 
ters. 

The  work  is  illustrated  with  165  cuts  inter- 
spersed throughout  the  text. 

Notes  on  the  Chemistry  of  Iron.  By 
Magnus  Troilus,  E.  M.  New  York  : 
John  Wiley  &  Sons.     Price  $2.00. 

This  is  a  guide  for  the  student  who  wishes  to 
analyze  the  ores,  products  and  slags  of  iron 
manufacture. 

The  work  is  in  four  chapters,  the  first  of 
which  deals  with  the  elements  to  be  sought  for 
in  the  finished  products.  The  second  chapter 
gives  specific  directions  for  the  quantitative  de- 
termination of  all  foreign  substances  found  com- 
bined in  commercial  irons  and  steels. 

The  third  chapter  is  devoted  to  the  methods 
to  be  followed  in  analyzing  ores  and  slag. 

Chapter  four  is  a  shorter  one,  and  deals  with 
the  analysis  of  the  gaseous  products  of  iron 
manufacture. 

The  typography  of  the  book  is  exceedingly 
good. 

Principles  of  Economy  in  the  Design  of 
Metallic  Bridges.  By  Charles  B.  Ben- 
der. New  York  :  John  Wiley  &  Sons.  Price 
$2.50. 
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The  method  of  the  author  for  the  comparison 
of  bridge  systems  is  to  multiply  the  strain  of 
each  member  of  a  fully-loaded  bridge  of  a  fixed 
number  of  panels  by  the  length  of  the  member, 
and  add  the  products.  Results  thus  obtained 
afford  means  of  determining  the  relative  econ- 
omy of  different  designs. 

In  the  present  treatise  this  plan  is  applied  to 
the  framed  arch,  the  cantilever  and  the  stiff- 
ened suspension  bridges. 

As  a  thoroughly  scientific  essay  upon  an  im- 
portant subject,  the  work  will  doubtless  be 
welcomed  by  the  profession.  It  is  well  to  re- 
member that  Mr.  Bender,  although  he  began 
his  professional  career  in  Europe,  is  one  of  the 
strongest  advocates  of  the  American  system  of 
iron  trusses. 


MISCELLANEOUS. 

Boiler  Steel. — The  committee  appointed  by 
the  American  Master  Mechanics'  Associ- 
ation on  boilers  reported  as  follows,  on  the  sub- 
ject of  steel  for  boilers :  ' '  The  steel  we  now  eas- 
ily procure,  and  should  use  for  both  sheet  and 
furnace,  has  but  a  small  percentage  of  carbon, 
say  from  15  to  20  per  cent.,  and  therefore,  if 
fairly  free  from  silicon,  phosphorus,  &c,  will 
not  harden,  is  mild  and  ductile,  working  un- 
der the  hammer,  even  when  cold,  most  freely, 
has  a  breaking  resistance  of  from  62,000  to 
65,000  lbs.  per  square  inch  of  section,  with  an 
extension  of  24  to  25  per  cent,  in  length  of  10 
inches.  A  good  shop  test — in  addition  to  bend- 
ing over  at  a  point  in  the  test  piece  where  it  has 
been  punched,  either  cold  or  after  it  has  been 
heated  or  dipped  in  water — is  to  take  a  narrow 
strip  through  which  a  hole  one-fifth  its  width 
is  punched,  and  then  enlarge  the  hole  with  a 
drift  and  flagging  hammer  to  fully  three  times 
its  original  punched  diameter  without  splitting 
the  strip.  It  may  be  said  that  there  is  now  no 
practical  limit  to  the  size  that  steel  sheets  of  de- 
sirable quality  and  thickness  can  be  procured. 
The  Canadian  Pacific  Railway  are  making  the 
straight  portion  of  wagon-top  boilers  in  one 
plate,  and  receive  T\-inch  sheets  14  feet  3  inches 
by  8  feet,  and  last  year,  at  Erie  Pennsylvania, 
f -inch  plates  16  feet  long  were  bent  cold  in  rolls 
to  a  curve  of  30-inch  radius,  so  that  two  sheets 
made  one  boiler  16  feet  long  and  60  inches  di- 
ameter, with  but  two  longitudinal  joints  in  bar- 
rel ;  and  Mr.  Webb  has  rolled  from  ingot  and 
used  TVinch  steel  plate  11  feet  3  inches  wide 
by  12  feet  9  inches  long  in  one  barrel  ring. 
This  practice  is  in  line  with  the  strong  recom- 
mendation of  the  committee  in  1871 ;  but,  as 
they  point  out,  it  requires  special  rolls  to  be 
built  for  bending  the  plate.  Mr.  G.  S.  Strong 
says  he  is  now  constructing  a  56-inch  straight 
boiler  for  175  lbs.  pressure,  with  all  longitudi- 
nal seams  welded.  Welded  seams,  when  iron 
plate  and  coke  fire  were  used,  give,  at  least, 
but  an  ultimate  tension  of  14  tons  and  6£  per 
cent,  extension  for  22-ton  iron  ;  therefore,  it  is 
not  a  matter  of  surprise^  that  such  a  form  of 
joint  was  seldom  used,  but  now  Mr.  S.  Fox, 
using  22-ton  mild  steel  and  common  gas  flame 
for  heating  the  scarf,  secures  a  weld  having  an 
ultimate  tension  of  21  tons  and  an  elongation 
of  8^  per  cent,  in  a  10-inch  length — that  is,  an 


increase  of  50  per  cent,  in  strength  and  30  per 
cent,  in  ductility  ;  although  it  should  be  noted 
that  this  excellent  result  is  but  one-third  the 
ductility  of  the  unwelded  steel  plate.  Some 
careful  experiments  show  that  veiy  mild  steel, 
after  annealing,  loses  somewhat  in  resistance 
to  ultimate  tension  and  in  ultimate  percentage 
of  extension,  or,  in  other  words,  annealing  does 
not  necessarily  improve  the  natural  plate. 
Nevertheless,  if  holes  are  punched  in  plate,  or 
plate  has  been  flanged  or  set  when  warmed, 
mild  steel  must  be  annealed,  the  annealing  fur- 
nace temperature  not  being  carried  too  high — 
a  blood  or  cherry  red  is  quite  sufficient— the 
time  in  furnace  not  prolonged  beyond  the  point 
that  will  secure  thorough  and  equal  tempera- 
ture, and  the  cooling  not  too  much  hurried  by 
contact  with  damp  earth  or  a  current  of  wind 
at  low  temperature.  Neither  should  there  be 
any  attempt  to  soften  off  by  cooling  in  a  bed  of 
sawdust  or  ashes.  If  the  flanging,  setting,  or 
any  other  distortion,  such  as  bending  in  the 
rolls  can  be  done  cold,  there  is  no  necessity  for 
annealing  either  plates  or  bars,  but  all  such  set- 
ting is  preferably  done  under  the  steady  press- 
ure of  hydraulic  tools."  In  the  discussion  on 
the  report  there  were  some  objections,  but  the 
general  opinion  held  was  that  steel  was  the 
proper  material  for  the  interior  of  fire-boxes. 

The  following,  from  the  report  of  the  Astron- 
omer Royal,  are  the  principal  results  for 
magnetic  elements  for  1884 :— Approximate 
mean  westerly  declination,  18  deg.  8  min. ; 
mean  horizontal  force,  3.931  in  English  units, 
1.812  in  metric  units ;  mean  dip,  67  deg.  29 
min.  8  sec.  by  9-in.  needles,  67  deg.  29  min.  32 
sec.  by  6-in.  needles,  and  67  deg.  30  min.  9  sec. 
by  3-in.  needles.  In  the  year  1884  there  were 
only  five  days  of  great  magnetic  disturbance, 
but  there  were  also  about  twenty  days  of  lesser 
disturbance. 

The  first  annual  dinner  of  the  University  Col- 
lege Engineering  Society  (London)  was 
held  last  Tuesday  evening  at  the  Holborn  Res- 
taurant. The  attendance  was  large.  Among 
others  present  were  Mr.  Bryan  Donkin,  Mr. 
Rich,  Mr.  C.  E.  Stromeyer,  and  others.  Pro- 
fessor Alex.  B  W.  Kennedy,  president  of  the 
society,  occupied  the  chair. 

The  United  Asbestos  Company  is  introduc- 
ing a  new  lubricant,  called  the  Salaman- 
der lubricant,  which  is  offered  as  applicable  for 
all  purposes,  and  especially  so  where  asbestos 
packing  is  used.  The  following  is  from  the 
analysis  of  the  lubricant,  by  Mr.  R.  H.  Har- 
land,  F.  I.  C. : — Mineral  matter  (ash),  .04  per 
cent. ;  vegetable  and  animal  oils,  none ;  free 
acid,  none ;  melting  point,  125  deg.  Fahr. ; 
solidifying  point,  120  deg.  Fahr. ;  flashing  point, 
384  deg.  Fahr.  The  analysis  of  this  grease 
proves  it  to  be  a  pure  hydro-carbon,  perfectly 
solid  at  all  ordinary  temperatures,  and  having 
a  melting  point  of  125  deg.  Fahr.  It  is  quite 
free  from  the  slightest  trace  of  acidity.  It  is  a 
neutral  grease ;  its  consistency,  combined  with 
the  fact  that  it  will  not  corrode  metallic  sur- 
faces, shows  that  it  is  a  satisfactory  material 
for  lubricating.  It  would  answer  well  with 
asbestos  packing. 
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MECHANICAL  INTEGRATORS. 

By  Professor  Henry  Selby  Hele  Shaw,  Assoc.  M.  Inst.  C.  E. 
Proceedings  of  the  Institution  of  Civil  Engineers. 

II. 


Planimeters  in  which  only  Pure  Rolling 
Motion  is  Assumed  to  take  Place. 

There  have  been  many  efforts  to  de- 
sign instruments  in  which  no  slipping 
shall  take  place.  These  efforts  have  re- 
sulted in  the  production  of  various  in- 
struments which,  though  they  differ  in 
external  form  and  mechanical  action,  yet 
rely  upon  the  same  mathematical  prin- 
ciple of  action  as  the  planimeters  al- 
ready dealt  with,  the  particular  form  of 
disk  and  roller,  or  sphere  and  roller,  be- 
ing taken.  Thus,  in  every  case  there  is 
a  measuring  roller,  or  its  equivalent,  the 
rate  of  motion  of  which  has  to  be  varied 
by  some  means  or  other.  It  is  in  the 
method  by  which  this  is  done  that  this 
class  of  planimeters  differs  from  the 
other.  Instead  of  obtaining  the  varia- 
tion of  the  measuring  roller  in  bringing 
it  into  contact  with  circles  of  different 
linear  velocity  by  sliding  it  over  the  sur- 
face of  the  disk  or  sphere,  one  or  other 
of  the  two  following  principles  are  em- 
ployed. A  device  equivalent  either  to 
(1)  bringing  in  succession  a  series  of 
measuring  rollers  into  contact  with  the 
different  imaginary  circles ;  or  (2)  bring- 
ing circles  of  different  linear  velocity  in- 
to contact  with  a  single  fixed  measuring 
roller. 
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The  disk-globe  and  cylinder-integrator 
of  Professor  James  Thomson  belongs  to 
the  former  class.  In  this  a  sphere  G 
(Fig.  30)  rolls  over  the  surface  of  the  disk 
M,  but  is  also  in  contact  with  a  cylinder 
mm'.  The  motion  of  G  in  direction  OY  is 
that  in  which  the  roller  would  slip  in  the 
ordinary  disk  and  roller,  and  does  not 
affect  the  motion  of  rotation  of  mm'.  Ort 
the  other  hand,  the  motion  in  direction 
OX,  which  is  due  to  the  turning  of  the' 
disk,  is  entirely  imparted  to  mm '.  Thus, 
as  G  rolls  along  mm',  the  same  effect  is, 
in  theory,  produced  as  if  a  series  of  roll- 
ers m,  m,,  m2,  etc.,  upon  the  same  axis  as 
the  cylinder,  were  successively  applied  to 
the  surface  of  the  disk,  and  all  slipping, 
at  any  rate  from  this  cause,  is  avoided. 
The  actual  mechanism  which  has  not 
been  employed  for  a  planimeter  takes  a 
slightly  different  external  form  in  the 
harmonic  analyzer  of  Sir  W.  Thomson's 
tide-calculating  machine. 

The  devices  which  have  now  to  be  con- 
sidered as  solutions  of  the  problem  un- 
der consideration  by  the  first  method, 
are  used  in  connection  with  the  geomet- 
rical property  of  the  sphere  already  dis- 
cussed, and  upon  one  similar  to  it. 

Let  M  (Fig.  31)  be  the  plan  of  a  sphere 
rolling  along  the  line  OX,  carrying  with 
it,  by  a  frame  not   shown,  a  cylinder  (m) 
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which  can  roll  about  it  so  as  to  come  into 
contact  at  any  point  q  upon  its  horizon- 
tal great  circle.  Then  the  rotation  of 
the  cylinder  may  be  employed  exactly  in 
the  same  way  as  the  rotation  of  the  roller 
on  the  integrator  described  on  page  416, 
and  shown  by  Fig.  28  ;  but  in  the  pres- 
ent case,  instead  of  causing  the  roller  to 
slip  over  the  surface,  the  rolling  of  the 
cylinder  is  practically  equivalent  to 
bringing  in  succession  a  series  of  roll- 
ers m,  m1?  m2,  etc.,  upon  one  axis  in  con- 
tact with  it.  t 

This  principle  has  been  employed  both 
by  Professor  Mitchelson  of  Cleveland, 
U.  S.,  and  Professor  Amsler.     The  mech- 


from  a  bevel-wheel  upon  its  axis,  which 
gears  with  a  larger  one  formed  upon  the 
edge  of  a  circular  stand  or  support  of 
the  instrument. 

A  similar  principle  of  the  geometry  of 
the  sphere  has  also  been  employed  in  an 
instrument  suggested  in  a  paper  in  1855 
by  the  late  Professor  Clerk  Maxwell, 
when  an  undergraduate  at  Cambridge. 
Instead  of  the  cylinder  in  Fig.  31,  let  a 
sphere  m'  roll  around  on  the  sphere  (M), 
as  shown  in  Fig.  33.  Then,  from  the 
property  of  the  sphere,  which  is  proved 
at  length  in  the  above  paper,  the  turning 
of  the  sphere  m'  about  its  axis  of  rota- 
tion xx,  relatively   to  the   turning  of  M 
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anism  of  Professor  Mitchelson's  instru- 
ment is  shown  in  Fig.  32.  In  this  a  flex- 
ible steel  band  or  chain  F,  passing  round 
a  semi-circular  arc  D,  forces  the  cylinder 
C  to  roll  on  the  sphere  G.  The  cylinder 
is  carried  by  a  frame  E,  which  slides 
along  the  bar  A,  by  which  it  is  supported. 
The  mode  in  which  it  is  proposed  to  ap- 
ply it  to  the  ordinary  Amsler  planimeter 
is  shown  on  a  smaller  scale,  Fig.  32a, 
where  b  is  the  pole- arm,  a  the  radius 
bar,  and  t  the  center  of  rotation  of  the 
latter. 

Professor  Amsler's  planimeter  on  this 
principle  is  similar  to  the  foregoing,  ex- 
cept that  instead  of  being  carried  by  two 
guides  as  sleeves  by  a  bar,  the  cylinder 
frame  is  supported  on  rollers  from  a 
frame  above,  the  rolling  friction  on  the 
latter  being  less  than  that  of  the  cylinder 
on  the  sphere.  Thus,  the  cylinder  always 
moves  to  its  required  position.  The  mo- 
tion of  the  spherical  surface  is  obtained 


along  OX,  is  proportional  to  the  tangent 
of  the  angle  a  in  the  figure.  In  the  other 
case  it  will  be  remembered  that  the  turn- 
ing of  the  cylinder  or  disk  was  propor- 
tional to  the  sine  of  the  same  angle.  By 
suitable  means  the  principle  can  be  em- 
ployed in  the  construction  of  a  planim- 
eter. Two  forms  of  such  planimeter 
are  shown  in  the  paper,  and  though  they 
are  both  in  the  form  of  the  linear  plan- 
imeter, and  are  scarcely  suitable  for  prac- 
tical application,  yet  the  matter  is  dealt 
with  in  a  way  worthy  of  the  inventor. 
It  is  evident  that  this  is  another  case  of 
bringing   the    equivalent   of  a   series  of 


rollers 


m,  ml3 


mn,  into  contact  with  the 


sphere,  though  these  are  no  longer  of  one 
size,  but  vary  from  a  diameter  zero  to  a 
diameter  of  the  size  of  that  of  the  sphere 
m. 

Coming  now  to  the  instruments  in 
which  the  alternative  device  adopted  for 
the  avoidance  of  slipping  is  by  bringing 
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into  contact  with  one  roller  different 
circles  of  the  disk  M,  or  of  its  equiva- 
lent. 

This  may  be  done  in  the  following 
way :  Instead  of  allowing  the  cylinder 
(m)  to  roll  on  the  sphere  M  (Fig.  31), 
and  so  to  change  the  radius  of  the  imag- 
inary rolling  circle  (whose  diameter  is 
qq')  on  which  it  rolls,  suppose  that  the 
cylinder  is  kept  in  contact  as  shown  by 
the  dotted  lines,  and  the  axis  of  rotation 
zz'  of    the    sphere  is  turned,  as,  for  in- 


with  the  roller  (m),  though  of  course  the 
radius  may  be  the  same.  This  method 
has  been  recently  proposed  by  the  author, 
and  the  mode  of  carrying  it  out  without 
involving  slipping,  by  what  is  called  the 
"  sphere  and  roller  mechanism,"  which 
mechanism  has  been  explained  and  de- 
veloped at  length  in  a  paper  before  the 
Koyal  Society.  It  need  here  be  only  re- 
marked that  the  planimeter  there  de- 
scribed, and  afterwards  exhibited  to  the 
British  Association  at  Montreal,  was  of 


Fig.  3: 


G     i 

[A 

B 

1 

j 

stance,  would  happen  if  a  sphere  in  com- 
bination with  rollers  were  used  as  sug- 
gested for  an  anemometer  by  Mr.  Ven- 
tosa,  through  an  equivalent  amount,  i.  e., 
through  the  angle  a.  This  will  give  the 
same  result  as  far  as  the  rotation  of  the 
cylinder  is  concerned,  but  with  an  im- 
portant  difference.  The  cylinder  (in  Fig. 
31)  or  sphere  (in  Fig.  33)  is  no  longer 
needed,  and  may  be  replaced  by  the  orig- 
inal measuring  roller,  whose  axis  has  a  j 
fixed  position  parallel  to  OX.  It  will  be 
seen  that  this  device  practically  amounts 
to  bringing  different  circles  on  the  sphere 
M  into  contact  with  the  measuring  roller 
(m),  with  the  great  advantage  that  ex- 
actly the  same  circle  on  the  sphere  M  is 
scarcely   likely  to  again  roll   in  contact 


the  linear  form,  and  of  little  practical 
use  ;  but  the  author  has  since  completed 
a  polar  planimeter  and  exhibited  it  be- 
fore the  Royal  Society. 

One  one  more  area  planimeter  re- 
mains to  be  mentioned,  and  this  is  the 
one  invented  and  brought  before  the 
Physical  Society  by  Mr.  C.  V.  Boys.  The 
principle  of  action  is  briefly  this  :  A 
wheel  or  roller,  which  is  not  supposed 
to  slip  sideways  on  the  diagram,  has  its 
plane  of  rotation  kept  always  at  an  angle 
a  to  the  axis  OX  of  the  figure  to  be  inte- 
grated, such  that 

y=  ordinate  of  the  curve 
=tan  axK 

where  K  is  a  constant,  and  y  is  the  ordi- 
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nate  with  respect  to  OX  of  that  point  on 
the  curve  which  the  pointer  of  the  instru- 
ment is  at  the  same  instant  tracing.  If 
the  component  of  a  small  motion  of  the 
wheel  parallel  to  OX  is  A  x,  and  the  com- 
ponent of  the  same  movement  parallel 
to  OY  is  At. 


Then 


At_ 

AX 


=  tan 


y_ 

K 

1 


At=yAxX  j£, 

or  the  distance  moved  by  the  wheel  par- 
allel to  the  axis  OY  becomes  the  measure 
of  an  element  of  area.     It  is  easy  to  see 


of  its  axis  (corresponding  to  OX),  and 
made  to  effect  its  own  turning,  the 
amount  of  turning  varying  with  the  tan- 
gent of  inclination  of  the  wheel,  and  this 
was  sufficient  in  the  application  to  the 
steam-engine  integrator  to  be  hereafter 
described,  where  the  longitudinal  motion 
of  the  cylinder  could  be  made  propor- 
tional to  the  stroke.  Mr.  Boys  endeav- 
ored, by  various  means,  to  obtain  con- 
tinuous motion  in  both  directions,  one 
being  equivalent  to  bending  the  ends  of 
the  cylinder  round,  and  so  attempting  to 
solve  the  difficulty  by  what  he  has  termed 
a  "mechanical  smoke  ring."    The  author. 


that  the  height  moved  by  the  wheel  be- 
comes a  direct  measure  of  the  area  of  the 
figure.  Various  examples  of  the  action 
of  this  planimeter,  called  by  the  inventor 
the  tangent  integrator,  are  given  by  Mr. 
Boys ;  but  the  action  is  obviously  limited, 
and  an  investigation  of  the  theory  reveals 
the  fact  that  it  is  only  a  special  case  of 
the  general  problem,  not  only  of  the 
method  of  applying  circles  of  varying 
diameter  to  one  roller,  but  of  the  sphere 
and  roller  mechanism  itself.  This  will 
be  rendered  clearer  by  stating  that,  in 
order  to  employ  the  component  parallel 
to  OY,  the  roller  was  made  to  work 
against  a  cylinder,  which,  by  its  turning, 
acted  as  the  measuring  roller.  Evidently 
the  length  of  the  cylinder  limited  the 
travel  in  that  direction.  The  cylinder 
was  carried  bodily  along  in  the  direction 


however,  by  approaching  the  matter  from 
a  different  point  of  view,  designed  the 
sphere  and  roller  integrator,'  which  is 
nothing  more  or  less  than  the  inversion 
of  the  mechanism  of  Mr.  Boys.  In  this 
the  roller  of  Mr.  Boys  is  replaced  by  the 
sphere,  and  instead  of  the  two  motions, 
one  of  the  cylinder  about  its  axis,  and 
one  of  the  cylinder  longitudinally,  the 
two  rollers  are  used.  It  may  be  easily 
shown  that  the  turning  of  the  plane  of 
rotation  of  the  roller  of  the  tangent  in- 
tegrator is  equivalent  to  changing  the 
axis  of  the  sphere  in  the  sphere  and 
roller  integrator. 

Moment  Planimeteks. 

The  moment  of  an  area,  and  its  mo- 
ment of  inertia  about  a  given  line,  may 
be  obtained   mechanically   upon    similar 
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principles  to  those  by  which  a  simple 
area  was  obtained.  If  ABODE,  Fig.  1, 
be  the  figure  whose  moment  of  area  and 
moment  of  inertia  are  required  about  any 
line  OX ;  then,  taking  any  element  of 
area  AB,  if  y= height  of  upper  portion 
SB,  then  the  moment  of  area  of  the 
element  SB  about  OX 


is  ??a=area  of  SBx-~ 

=\y*t±X. 

Similarly,  the  moment  of  inertia  of  the 
element  is 

The   sum   of    an   infinite    number    of 


This  method  need  not  be  further  con- 
sidered here,  since,  so  far  as  the  author 
is  aware,  it  has  never  been  carried  into 
actual  practice.  It  may  be,  however,  said 
that  the  mechanical  difficulties  in  the  way 
of  causing  the  measuring  wheel  or  roller 
of  the  first  mechanism  to  actuate  the  sec- 
ond, and  the  roller  of  the  second  to  actu- 
ate the  third,  without  introducing  serious 
error,  are  not  easy  to  overcome,  and  re- 
quire a  very  easily  working  piece  of  ap- 
paratus. The  author  has  discussed  the 
applications  of  the  sphere  and  integrator 
for  the  purpose,  in  a  paper  to  the  Koyal 
Society. 

The  other  principle  is  to  cause  the 
measuring  roller  to  be  directly  turned 
at  a  rate  which  is  made  to  vary,  not  as 


Fia.  34. 


?U2 


such  expressions  as  these,  when  A  x  be- 
come infinitely  small,  gives  respectively 
the  moment  of  area  and  the  moment  of 
inertia  of  the  whole  figure  according  to 
the  expressions. 

Moment  of  area    =M=^/*y9dar, 
Moment  of  inertia = I    =±fy*dx. 

Now,  there  are  two  possible  ways  of 
obtaining  these  results  mechanically. 
One  of  these  ways  is  by  applying  for  the 
purpose  the  suggestion  made  by  Sir  Wil- 
liam Thomson  in  connection  with  the 
disk  globe  and  cylinder  integrator  of 
Professor  James  Thomson,  of  using  a 
train  of  such  mechanisms  to  obtain  the 
integration  of  a  simple  linear  differen- 
tial equation.  By  certain  simple  arrange- 
ments, 

The  first  mechanism  would  givefycfa, 
"     second         "  "         "  fy'dx. 

"     third  "  "        "  fy*dx. 


in  the  simple  planimeter  with  the  value 
of  the  ordinate  (y),  but  with  its  second 
or  third  power.  Though  no  method  of 
directly  doing  this  has  apparently  yet 
I  been  suggested,  yet  the  same  result  is 
practically  effected  by  the  beautiful  appli- 
cation of  a  mathematical  principle  in  the 
"  moment  integrator"  of  Professor  Ams- 
ler. 

Let  the  pole-arm  CB  (Fig.  34)  be  at- 
tached to  a  toothed  segment  (2J,  one 
portion  of  which  gears  with  a  toothed 
wheel  29,  the  radius  being  as  2  to  1.  Let 
the  center  C  of  z  be  carried  along  OX, 
while  the  center  of  C2  of  zn  is  carried 
along  a  line  ox  parallel  to  OX.  Let  m2 
be  a  roller  acting  in  every  way  as  the 
measuring  roller  of  the  Amsler  planim- 
eter, whose  axis  is  carried  in  the  plane  of 
the  wheel  s9,  its  direction  passing  through 
the  center  C2.  When  the  pole-arm  coin- 
cides with  OX,  let  the  plane  of  rotation 
of  the  roller   m2  be   parallel  to  OX,  and 
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its  axis  parallel  to  OT.  When  the  pole- 
arm  is  turned  through  an  angle  SCB  =  a, 
the  angular  motion  of  the  wheel  s2  is 
twice  that  of  the  arm  ;  thus  the  roller  m2 
takes  the  position  shown  in  the  figure. 

This  is  so  because — r. 7— -  = 

/  r  motion  of  x1 

radius  2,_2 
radius  z2     1> 
.\ZKcJ=2a. 
Suppose  the  pointer  p  to  move  through 
the  width  of  the  element  SB  at  a  height 
=y,  and  with  it  z,  and  22,  the  roller  m2 
being  in  contact  with  the  diagram  sur- 
face.    Then,  by  what  was  proved  in  the 


or  the  moment  of  area  of  the  figure 
BDEA. 

For  the  moment  of  inertia  the  segment 
of  z,  is  used,  the  radius  of  which  is  three 
times  that  of  another  wheel  z3,  with 
which  it  gears.  The  action  of  a  roller  m^ 
carried  by  the  wheel  z3,  is  exactly  the 
same  as  that  of  m2,  except  that  its  angu- 
lar motion  is  three  times  as  great  as  the 
pole-arm  CB,  instead  of  twice  as  great,, 
as  in  the  case  of  the  other  roller. 

By  reasoning  similar  to  that  already 
adopted,  and  taking  the  plane  of  rotation 
of  m3  perpendicular  to  OX  in  its  initial 
position,  instead  of,  as  in  the  former  case, 
parallel  to  it — 


Figs.  35  and  36 


m2 

l  ELEVATION 


case  of  the  Amsler  planimeter,  and  adopt- 
ing the  same  notation. 


Turning  of  m9 


_2^rm2_  fc2, 
Motion  of  translation  of  m~    Ax  ~ c2K 

=cos  2a 
=  1-2  sin' a, 

but      H  =  Jr-sin  a  (where  06=^), 

KJXJ  X\>1 

2nm.  0    .  2  2      2 

•'• 2=1— 2  sin2  a=l~-F7-22/,a, 

AX  T>  ^1  ' 


R. 


or 


fe)AHra?y 


A  a-. 


When  the  complete  travel  of  the  curve 
has  been  made,  the  sum  of  a  series  of 
quantities  similar  to  the  first  becomes 
zero ;   so  that,  by  making  the  constant 

( — —J  equal  J,  the  reading  of  the  roller 

gives  the  value — 

M=lfydx, 


travel  of  m. 


27rrna_lfca 


motion  of  translation  of  m%       A  x       cjc1 

=sin  3a 
=3  sin  a— 4  sin3  a, 
SB     yy       . 

cB=irsm  a> 

Therefore S  =  S  sin  a— 4  sin3a= 

AX 

°r  ^2^  v  a  Hdy  ^  a  *> 

which,  when  the  pointer  is  taken  around 
the  curve,  gives,  with  suitable  values  of 
the  constants, 

n,=fydx-±fyzdx 
=  area  of  BDEA— moment  of  in- 
ertia of  BDEA 
=  A         -I. 

or  1=  A  —  n„. 
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The   instrument,  Figs.    35,  36,  has  an 
area  planimeter  attached  to  it,  so  that,  by 
reading  the  rollers  mt  and   m3,  and  sub- 1 
tracting  the  results,  the  moment  of  iner- 
tia is  obtained. 

The  details  of  the  moment  planimeter  i 
shown  (Figs.  35   and  36)    are  easily  ex-  • 
plained.     A.    guide   PQ   of    steel  has   a  j 
groove  gg,  which  is  placed  parallel  to  the 
axis  OX  by  means  of  the  gauges  G,  one,  j 
as  shown,  being  at  each  end,  which  are  j 
adjusted  with   their   points  q  upon   the  I 
line  OX.     The    rollers   KR  run   in   the 
grooves   gg,  and    support   a   frame  FF, 
which   carries,  by  means  of  an  axle  JJ,  j 


applications  of  this  instrument  for  pur- 
poses of  naval  architecture,  but  so  far  as 
the  author  is  aware,  no  account  has  been 
given  in  this  country  of  its  applications 
in  civil  engineering,  as  proposed  by  Pro- 
fessor Amsler.  The  following  brief  ac- 
count of  the  methods  in  the  case  of  cal- 
culating the  contents  of  embankments, 
cuttings,  etc.,  is  therefore  given  from  an 
abstract  for  which  the  author  is  indebted 
to  the  kindness  of  Dr.  A.  Amsler : 

Let  Fig.  37  be  the  plan  of  a  portion  of 
an  embankment  or  cutting,  the  character 
of  which  is  supposed  to  be  the  same 
throughout,   viz.,    of   uniform   width    of 


Fig.  3: 


the  frame  EE.  This  frame  supports  the 
toothed  segment  a,,  and  the  two  toothed 
wheels  sa,  z3,  upon  vertical  axis.  The 
former  between  centers,  one  of  which  is 
shown,  Fig.  36,  i,  the  latter  by  steel  axles 
within  the  column  i3ia.  The  pole-arm 
carries,  in  addition  to  the  pointer/)  at 
the  end,  the  roller  ra,  with  its  dial  hx, 
forming  an  ordinary  planimeter,  and  is 
itself  earned  on  the  centers  SjS2.  The 
two  other  rollers  and  dials  are  shown  as 
mam3  and  hji^  respectively.  The  weight 
W  serves  to  balance  the  instrument,  so 
as  to  avoid  undue  pressure  on  the  paper, 
and  the  motion  is  so  smooth  as  to  en- 
able a  curve  to  be  traced  with  the  great- 
est ease  and  accuracy. 

Attention  has  been  called  by  the  late 
Dr.  Merrifield  and  others  to  the  valuable 


I  roadway,  and  uniform  side-slopes,  the 
j  surface  of  the  ground,  the  gradient,  and 
the  horizontal  curvature  of  the  roadway, 
being  restricted  in  no  way.  AA'  repre- 
sents the  center  line  of  the  railway ; 
B/B/  and  B2B2'  its  two  borders;  0,0/ 
and  CCa'  the  intersections  of  the  side- 
slopes  "with  the  surface  of  the  ground. 
Suppose  now  the  embankment  or  cutting 
to  be  divided  into  thin  layers  by  vertical 
planes,  perpendicular  to  the  center  line 
AA'  of  the  roadway ;  PQ  and  PjQ,  may 
be  the  intersections  of  two  adjacent 
planes  with  the  plane  of  the  diagram. 
Then  if     ;;>=area  of  section  PQ, 

A5=interval  between  PQ  and 
and  P,Q,  measured  upon 
the  center  of  gravity  of 
the  section. 
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Total  volume  of  embankment  is  (from 
one  of  the  properties  of  Guldinus) — 

the  integral  extending  over  the  whole 
length  of  the  embankment  under  con- 
sideration. 

There  are  three  cases  dealt  with  in  the 
Paper  of  Professor  Amsler,  correspond- 
ing to  the  three  forms  of  sections,  I,  II, 
or  III,  Fig.  38. 

The  first  of  these,  I,  is  simple  enough, 
since  the  center  of  gravity  of  the  section 
always  coincides  in  plan  with  the  center 


=  /  MNA= gradient ; 
y=AG    =distance 


Let  i=lAGB. 

of 
vertex  to  bot- 
tom  of  em- 
bankment ; 
y0=AE  =distance  of 
vertex  to  top 
of  embank- 
ment; 
2  /3= angle  at  vertex  at  A. 

It  may  be  easily  proved   the  area  of 
the  section  made  by  the  plane  AEG  is — 

^=(AG2-AE2)  tan/3=(y2-y02)  tan  /3 


■Wi^.  39 


line  of  the  roadway,  and  the  plan  of  oper- 
ation is  as  follows : 

Let  Fig.  39  represent  a  longitudinal 
section  of  a  portion  of  the  embankment 
of  uniform  gradient,  developed  into  a 
plane;  the  straight  line  E'EE" represents 
the  top  of  the  embankment ;  G  GG"  the 
profile  of  the  ground ;  the  straight  line 
A'AA",  which  is  parallel  to  E'EE",  is  the 
locus  of  the  imaginary  vertex  of  the 
trapezoidal  cross-sections.  The  level 
line  MN  is  the  line  to  which  the  offsets 
of  the  profile  of  the  surface  of  the  ground 
refer.  BG  shows  the  intersection  of  a 
vertical  cross-section  with  the  figure,  and 
AG  the  intersection  of  a  plane  perpen- 
dicular to  the  top  of  the  embankment 
(and  also  to  the  line  A'AA")  with  the 
figure. 


but  since  Y=fpdx 

Therefore  volume=tan  fif  {y*—y»)  dx. 

And  thus,  if  (3  is  known,  the  volume  of 
the  portion  E'E"  G'G'  (Fig.  39)  is  easily 
found  with  the  mechanical  integrator, 
thus: 

Take  A'AA"  as  the  axis  of  moments, 
and  adjust  the  rail  of  the  instrument  so 
as  to  be  parallel  to  it.  Start  the  pointer 
anywhere  on  the  shaded  figure,  and  trace 
round  it ;  the  travel  of  the  roller  m2  being 
denoted  by  M,  the  scale  of  the  drawing 
longitudinally  being : 

l"=m  feet, 
and  vertically  l"=rcfeet; 

then  volume =V= 20    mrc2   tan 

ft  x  M  cubic  feet. 
It   only   remains    to   insert   a  known 
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Talue   for   tan   /?,  which  is  easily  done, 
thus  : 

Let  Fig.  40  be  a  perspective  view  of 
the  sections  AEG  and  BG  (Fig.  39), 
where : 


ZC1BC2=2a. 


Then  from  the  diagram 


AG: 


tan 


also 


9£ 

BG 


=tan  a 


and  r-— =  cos  i. 


Therefore 


tan  /?: 


tan  a 


COS  I 


•or 


=( 


V=  20  m?i 


2tan  a 
cos  i 


)m, 


Fis..40 


where  /  a  and   /_  i  are  known  constants. 
To  complete  the  calculations  for  the 
whole  route  separate  portions  are  taken, 
with  the  various  proposed  gradients. 

The  above  formula 
is  exact  for  the  integ- 
rator shown  in  Fig. 
36,  as  arranged  for 
English  measures,  a 
complete  revolution  of 
the  measuring  roller 
being  taken  as  a  unit 
of  reading. 

It  is  to  be  noted 
that  nothing  is  sup- 
posed as  to  the  curva- 
ture of  the  center  line 
of  the  roadway  hori- 
zontally, as  it  is  sup- 
posed to  be  developed 
in  the  figure.  Also, 
that  the  aggregate  er- 
ror arising  from  the  assumptions  that 
the  cross-sections  are  exact  trapezoids 
will  in  most  cases  be  very  slight,  on  ac- 
count of  the  errors  in  cuttings  and  those 
in  embankments  partly  compensating  for 
each  other,  in  addition  to  the  cutting  and 
filling  in  each  section,  as  shown  in  Fig. 
41,  where  the  small  triangular  portion  in 
dotted  lines  C'DH  represents  the  amount 
taken  off  the  former,  and  added  to  the 
latter. 

Alterations  of  the  proposed  roadway, 
otherwise  involving  tedious  calculations, 
simply  necessitate  an  alteration  in  the 
line  AAA",  and  a  repetition  of  the  me- 
chanical work  of  the  integrator,  but  need 
no  fresh  diagram.  In  preparing  the 
drawing,  allowance  should  be  made  for 
ditches  along   the  roadway  in  cuttings, 


which  is  easily  done,  as  shown  in  Fig.  42, 
where  BjB2,  which  equalizes  the  amounts 
taken  and  left,  must  be  considered  as  the 
roadway  line.  In  the  case  shown  in  Fig. 
43,  the  excess  of  the  embanking  over 
the  cutting  is  approximately  equal  to  the 
layer  above  the  dotted  line  CjC2.  The 
contents  of  this  layer  could  be  measured 
either  by  considering  it  as  an  embank- 
ment, and  treating  it  as  such,  or  by  the 
simpler — and  for  a  first  estimate  suf- 
ficiently accurate  method — of  assuming 
its  section  to  be  a  parallelogram.  The 
area  of  the  shaded  portion  (Fig.  43)  is 
then  simply  to  be  measured,  and  the  re- 
sult, multiplied  by  the  length  of  the  road, 
gives  the  required  contents.  The  sup- 
position that  the  slopes  CD  and  CD'  are 
the  same  is  also  sufficiently  accurate. 

The  foregoing  is  the  first  method  de- 
scribed by  Professor  Amsler,  and  is 
extremely  simple,  but  obviously  only 
approximately  accurate.  The  two  other 
methods  are  capable  of  giving  very 
accurate  results,  and  are  dealt  with  by 
him  at  considerable  length.  Only  a  short 
account  of  them  will  be  given  here. 

The  first  thing  to  be  noted  is  that,  as  a 
rule,  the  center  of  gravity  of  the  section 
will  not  really  coincide  in  plan  with  the 
center  line  of  the  roadway,  but  will  curve 
at  the  line  SPP'S',  Fig.  44,  AA'  being  the 
true  center  line.  Thus,  in  the  expression 
fpds,  the  value  of  ds  does  not  coincide 
with  dx,  as  hitherto  assumed.  From  the 
figure  it  is  seen  that : 

A  s_E  +  e 
~Ax~    K    ' 
where  R  is  the  radius  of  curvature  of  the 
center  line. 

Therefore       As=Acr[l  +  ^), 

or         V  =  fpds = j pdx  +  J  -ir~, 

and  this  expression  must  be  used. 

The  first  of  the  two  methods  assumes 
the  base  of  section  to  be  inclined,  but 
not  broken  (Fig.  38,  II),  and  the  side- 
slopes,  gradient,  and  radius  of  a   given 
portion  to  be  constant.     A   diagram   is 
prepared,  as  shown  in  Fig.  45,  in  which 
i  the  dotted  lines  now  represent  intersec- 
I  tion  of  the  sides  of  embankment  with  the 
I  surface  of  the  ground,  which  do  not,  as 
|  before,  coincide  with  the  contour  of  the 
j  center  line. 
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From  this  figure      y0=AE 

y5=ACa 

2/3=  /at  vertex  A. 

Then,  by  similar  reasoning  to  that 
previously  employed,  it  may  be  proved 
that : 


tan  0        tan8/? 
V~     2      U+    6r  W' 
where 

V=i/(y,-y.")  &-i/(2/8"-2/„!)  &>- 

4/(y,-yJ,.«fa 


ZFig.  41 


Fig.  42 


Area  of  element  section 

,  ,  .  tan9/? 

and  ep=y$Ay-y,)  -3— 

.  •.  V=tan  /?  /  (yl2/2-y02)  dx  +  ^J 

fy.y*  iy-y.) dx- 

By  a  simple  transformation  this  ex- 
pression is  brought  into  such  a  form  as 
to  allow  of  mechanical  integration.  The 
final  formula  being : 


Another  simple  diagram  has  to  be  pre- 
pared, and  by  means  of  three  operations 
of  the  integrator,  the  values  of  U  and  Y 
are  given  thus : 

U=20xra^2  {vl  +  v2  —  v5) 

W=mn*  [320  (w1—  u%— ua)  — 100  (w1  — 

where  m  and  n  have  the  significations 
formerly  explained,  and  u,  v,  and  wr  are 
the  respective  readings  of  the  area,  mo- 
ment of  area,  and  moment  of  inertia 
rollers  in  each  of  the  three  operations-. 
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Considering  the  great  amount  of  calcula- 
tion thus  saved,  and  the  accurate  nature 
of  the  results,  this  second  method,  al- 
though involving  rather  more  labor  than 
the  first,  is  a  very  important  one. 

The  third  method,  which  deals  with  the 
broken  base,  is  much  the  same  in  princi- 
ple as  the  second,  but  the  expressions 
become    more    complicated,    whilst    six 


Fi 


struments,  revolution  counters  as  em- 
ployed in  meters  of  various  kinds,  form 
the  simplest  example,  and  correspond  in 
action  to  the  devices  already  described, 
by  which  the  linear  measurement  of  a 
boundary  is  performed.  These  will  not 
be  further  referred  to,  and  it  is  only  nec- 
essary to  consider  those  computing 
mechanisms  which,  dealing  with  the  re- 

43 


Fig-.  44 


readings  of  the  measuring  rollers  are  in- 
volved. The  case  of  an  embankment, 
consisting  partly  of  a  cutting,  is  com- 
pletely and  accurately  worked  out  by  this 
method. 

The  Paper  of  Professor  Amsler  con- 
cludes with  an  example  of  the  application 
of  his  integrator  to  the  problem  of  the 
strength  of  a  girder. 

Continuous  Integrators. 

Any  piece  of  mechanism  which  contin- 
uously adds  up  results  may  be  regarded 
as  a  continuous  integrator.     Of  such  in- 


sult of  two  simple  unit  measurements, 
correspond  in  principle  to  area  planim- 
eters. 

It  appears  that  Poncelet,  before  the 
year  1838,  suggested  the  employment  of 
a  continuous  integrator  for  computing 
the  two  factors  in  dynamometrical  meas- 
urements. This  was  described  by  Morin 
in  1838,  as  applied  in  his  "  compteur " 
for  registering  the  work  done  by  a  team 
of  horses,  dragging  a  loaded  carriage  at 
any  given  velocity  over  any  length  of 
road.  The  principle  employed  was  that 
of  the  disk  and  roller,  the  use  of  which 
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as  already  shown,  had  been  suggested 
for  application  in  a  planimeter  more  than 
twenty  years  before.  In  the  case  in 
question,  the  disk  was  turned  by  an  end- 
less cord  or  band  from  one  of  the  wheels 
of  the  carriage,  while  the  position  of  the 
roller  on  the  disk  was  caused  to  vary 
with  the  tractive  force,  and  its  reading 
thus  gave  the  product  of  force  and  space, 
or  the  actual  work  done. 
'  In  1840,  a  Committee  of  the  British 
Association,  consisting  of  Professor 
Mosely,  Mr.  Enys,  and  Mr.  Hodgkinson, 
was  appointed  to  procure  the  dynamo- 
metrical  apparatus  of  Mr.  Poncelet,  and 
to  obtain  a  series  of  experiments  on  the 
duty  of  steam  engines  by  means  of  that 
apparatus,  the  sum  of  £100  being  placed 
at  their  disposal  for  the  purpose.  The 
report  of  this  committee,  in  1841,  de- 
scribes at  length  the  "constant  indi- 
cator "  of  Professor  Mosely,  which  was 
in  reality  a  continuous  steam-engine  in- 
tegrator. It  was  entirely  a  new  instru- 
ment, except  that  the  principle  of  the 
disk  and  roller  was  employed,  and  also 
the  traction  springs  of  General  Morin. 
The  pressure  of  steam  was  allowed  to 
act  upon  a  piston  so  as  to  vary  the  posi- 
tion of  the  measuring  roller,  while  motion 
was  given  to  the  surface  of  revolution  by 
means  of  the  stroke  of  the  engine.  The 
surface  of  revolution  was  a  cone,  which 
was  substituted  for  a  disk,  as  by  this  ar- 
rangement the  rapidity  of  the  changes  of 
velocity  due  to  corresponding  changes  in 
the  position  of  the  integrating  wheel  is 
diminished  in  the  same  proportion  in 
which  the  sine  of  one-half  the  angle  of 
the  cone  is  less  than  unity.  The  force 
necessary  to  drive  the  integrating  wheel 
is  diminished  in  the  same  proportion,  and 
therefore  the  chance  of  an  error  arising 
from  the  slipping  of  the  edge  of  the  in- 
tegrating wheel  on  the  surface  which 
gives ,  it  motion.  The  reports  of  the 
committee  in  1842, 1843,  and  1844  (which 
was  joined  in  the  first  of  these  years  by 
Dr.  Pole),  show  that  the  action  of  the 
above  instrument  was,  as  far  as  could  be 
determined  in  its  application  to  a  single- 
acting  Cornish  engine,  very  satisfactory, 
but  apparently  no  mention  has  been  made 
of  it,  or  results  obtained  from  it,  in  any 
succeeding  report. 

Various  other  steam-engine  integrators 
have  been  brought  forward  since  then, 
most  of  them  acting  upon  the  same  prin- 


ciples ;  amongst  these  is  the  recent  power- 
meter  of  Messrs.  Ashton  and  Story,  which 
is  described  at  considerable  length  in  the 
American  edition  of  Weisbach's  Mechan- 
ics as  apparently  something  new.  It  is, 
however,  the  same  instrument  as  Mose- 
ley's  integrator,  except  that  it  employs  a 
spiral  instead  of  a  straight  spring,  and 
returns  to  the  use  of  the  flat  disk. 

The  disk  and  roller  has  also  been  since 
the  time  of  Morin  applied  in  many  dy- 
namometers, which  thus  become  really 
"ergometers  "  or  "work  "  measurers.  In 
a  series  of  articles  which  recently  ap- 
peared in  La  Lwniere  JElectrique  those 
of  Hirn,  Megy,  Bourry,  and  Darwin,  are 
described  as  having  a  "  totalizer ''  or  in- 
tegrator of  this  kind  attached  to  them. 

Fig.  45  £> 


The  position  of  the  measuring  roller 
varies  with  the  force  exerted  or  trans- 
mitted, and  the  motion  of  the  disk  with 
the  revolutions  of  the  motor  or  machine. 
Thus  by  suitable  counting  apparatus  the 
continuous  product  is  given  of  force  and 
space,  or  work  done. 

A  cone  has  sometimes  been  used  in- 
stead of  the  disk  with  dynamometers,  as 
in  that  of  Baldwin  and  Eickemeyer,  used 
at  the  Centennial  Exhibition  in  1876  for 
testing  mowing  machines,  in  which,  in- 
stead of  a  measuring  roller,  a  cylinder  is 
placed  with  its  axis  parallel  to  one  side  of 
the  cone,  while  an  endless  band  of  round 
cord  is  rolled  along  between  the  two  sur- 
faces, so  as  to  transmit  the  varying  mo- 
tion of  circles  of  different  radius  on  the 
cone.  Fig.  46  shows  the  apparatus  of 
Mr.  Roury  applied  to  a  transmission  dy- 
namometer. In  this  the  force  is  trans- 
mitted through  a  differential  train  of 
three   bevel  wheels,  the  middle   one   of 
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which  is  attached  to  the  spindle  (S), 
which  supports  the  weight  (W),  and  is 
suspended  from  the  main  shaft  by  the 
joint  at  (&),  about  which  the  whole  can 
turn.  Thus,  the  deviation  of  the  weight 
from  the  vertical  (as  shown  by  the  dotted 
lines)  changes  with  the  force.  The 
change  of  position  of  the  spindle  (S) 
causes  a  band  {b)  to  move  along  the  sur- 
faces of  revolution  RR1?  the  upper  one,  K, 
being  turned  from  the  shaft  by  the  spin- 
dle (ZZ).  It  is  to  be  noted  that  the  dis- 
tance of  the  band  (b)  from  its  zero  posi- 
tion is  not  directly  proportional  to  the 
force  represented  by  the  change  of  posi- 
tion of  the  weight,  and,  therefore,  the 
surfaces  must  be  formed  with  a  certain 


tegrator  of  the  second,  or  n on- slipping 
class,  which,  as  far  as  the  author  is  aware, 
has  yet  been  practically  applied,  is  the 
"power-meter"  of  Mr.  Vernon  Boys. 
This  instrument  is  shown  in  Figs.  47  and 
48,  and  acts  upon  the  same  principle  as 
Mr.  Boys'  integrator.  The  piston  C,  sub- 
ject to  the  varying  pressure  in  the  engine- 
cylinders,  with  which  the  barrel  A  is  con- 
nected by  the  connections  at  B  and  B1,  is 
moved  up  and  down  against  or  with  the 
tension  of  the  spring  D ;  its  rod  acting 
on  the  arm  g  causes  the  plane  of  rotation 
of  the  roller  G  to  take  positions  more  or 
less  inclined  to  the  axis  of  the  cylinder 
H.  This  cylinder  H  is  moved  to  and 
fro  with   the   stroke   of   the   engine   by 


Wig.  46 


curve,  found  by  construction,  in  order 
that  the  dial  and  counting  apparatus  at 
D  may  correctly  give  the  product  of  the 
two  variables,  force  and  space,  and  so 
the  work  transmitted  through  the  dy- 
namometer. 

It  cannot  be  said  that  continuous  in- 
tegrators of  this  kind  are  at  present  prac- 
tically employed  to  any  great  extent. 
There  are  probably  two  reasons  for  this. 
One  is  the  want  of  durable  and  reliable 
instruments.  The  other,  the  question  as 
to  how  much,  and  to  what  degree  they 
are  really  needed. 

With  regard  to  the  first  of  these,  it  is 
evident  that  in  all  the  arrangements 
hitherto  considered  (with  the  exception 
of  Baldwin  and  Eickemeyer  device)  there 
is  that  slipping  of  surfaces  in  contact, 
which,  though  of  little  effect  as  far  as 
wear  goes  in  the  limited  operations  of  a 
planimeter,  becomes  a  very  serious  con- ! 
sideration  when  continuous  action  is  re-  j 
quired  to  be  maintained.     The  only  in- 1 


means  of  the  cord  L,  Fig.  48,  and  the 
roller  G  being  in  frictional  contact  with 
it  causes  it  to  turn  round  to  a  greater  or 
less  extent,  according  as  the  plane  of  G 
is  more  or  less  inclined  to  the  axis  of  H. 
The  amount  of  its  revolution  is  registered 
by  the  counting  apparatus  in  I  (Fig.  48), 
to  which  the  axis  of  H  is  geared,  and  is 
thus  a  measure  of  the  power  of  the  en- 
gine, for  it  gives  the  product  of  the  tan- 
gent of  the  angle  to  which  G  is  inclined 
and  the  distance  moved  through  by  H, 
that  is  the  product  of  pressure  of  steam 
into  the  stroke  of  the  engine.  The  steam 
being  (as  originally  in  Moseley's  and  also 
in  subsequent  integrators)  supplied  both 
above  and  below  the  small  piston,  the  ab- 
solute pressure  is  given.  Thus,  in  the 
present  case,  as  the  change  of  pressure 
on  C  at  the  beginning  and  end  of  each 
stroke  causes  the  rod  of  g  to  be  alter- 
nately above  or  below  the  axis  of  H,  so 
the  motion  of  the  cylinder  to  and  fro  will 
always  cause  the  cylinder  H  to  turn  in 


454 


VAN  nostrand's  engineering  magazine. 


one  direction,  and  thus  to  continuously 
integrate  the  work  done.  This  device 
only  enables  a  reciprocating  movement 
of  the  cylinder  H  to  be  made,  and  the 
author  has  already  mentioned  the  device 
of  the  sphere  and  rollers,  which  by  the 
inversion  of  the  higher  pair  of  Mr.  Boys, 
enables  continuous  motion  to  be  obtained, 
and  is  suitable  for  application  in  dyna- 
mometers, electric-motors,' and  other  pur- 
poses. 

With  regard  to  the  want  of  such  instru- 
ments, a  very  strong  case  was  made  out 

Fisr.  47 


importance.  Assuming  the  theory  relied 
on  in  the  various  instruments  for  the 
mathematical  operation  to  be  correct,  the 
accuracy  depends  primarily  upon  the  me- 
chanical arrangements,  though  in  the 
case  of  planimeters  it  also  depends  upon 
the  skill  and  care  of  the  manipulator,  and 
involves  the  question  of  a  personal  er- 
ror. This  latter  point  need  not  be  con- 
sidered, partly  because  this  occurs  more 
or  less  in  all  results  obtained  by  observers, 
but  also  because  it  is  less  than  might  be 
at  first  anticipated,  from  the  fact  that  in 

rig,48 


by  the  committee,  already  mentioned,  in 
their  report  in  1841,  where  the  applica- 
tion of  a  continuous  integrator  to  steam- 
engines  was  alone  discussed.  The  appli- 
cation has  been  made  to  electric-motors, 
and  in  trials  of  motors  and  machines 
generally,  and  there  is  little  doubt  if  con- 
tinuous integrators  combining  the  three 
qualities  of  durability,  accuracy  and 
cheapness  could  be  produced,  that  in 
these  days  of  increased  regard  for  meas- 
urement of  all  kinds,  there  would  be  a 
much  larger  and  increasing  application 
of  them. 

Limits  of  Accuracy  of  Integrators. 

In  all  calculating  machines,  accuracy  of 
the  result  must  be  the  question  of  first 


tracing  the  pointer  around  the  curve 
there  is  no  reason  why  the  error  due  to 
moving  it  on  one  side  should  exceed  that 
due  to  moving  it  on  the  other  side,  that 
is,  why  equal  errors  of  opposite  effect 
upon  the  final  reading  should  not  be  made. 
It  has  been  seen  that  the  action  of  all  in- 
tegrators, except  mere  revolution  count- 
ers, depends  upon  the  motion  of  the  meas- 
uring roller,  or  its  equivalent,  over  sur- 
faces of  various  forms,  therefore  the 
above-mentioned  mechanical  arrange- 
ments resolve  themselves  into  an  exam- 
ination of  the  nature  of  the  frictional 
contact  of  two  surfaces.  It  was  for  this 
reason  that  integrators  have  been  classi- 
fied according  to  the  nature  of  this  fric- 
tional contact,  and  it  now  remains  to  in- 
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vestigate  the  nature  of  this,  to  show  to 
what  the  classification  leads,  to  give  the 
direct  results  of  experiments  upon  the 
subject,  and  also  the  indirect  results 
obtained  from  the  instruments  them- 
selves. 

Planimeters  and  integrators  generally 
have  been  divided  into — 

I.  Those  in  which  the  frictional  sur- 
faces slip  as  well  as  roll  over  each 
other. 

II.  Those  in  which  slipping  of  the 
surfaces  is  supposed  not  to  take  place. 

The  order  of  this  arrangement  was 
adopted  upon  historical  grounds,  and 
also  because  the  former  class  is  at  pres- 
ent by  far  the  most  important ;    but   it 


Fig.  49 


would  be  more  convenient,  upon  mere 
grounds  of  mechanical  simplicity,  to  in- 
vert the  order. 

Let  AB  (Fig.  49)  be  the  plan  of  the 
measuring  roller.  Suppose  a  force  ap- 
plied in  the  direction  OX,  making  an 
angle  (a)  with  the  plan  of  the  axis  of 
AB. 

Let  d=  OX = distance  through  which 
the  force  acts. 

1st.  Suppose  that  frame  which  carries 
the  measuring  roller  is  free  to  move  in 
any  direction  horizontally,  but  maintains 
the  plane  of  rotation  of  the  roller  verti- 
cal, then  the  application  of  a  force  along 
OX,  at  the  center  of  AB,  will  cause  it  to 
roll  along  the  line  coinciding  in  direction 
with  the  plan  of  the  center  line  AB  of 
the  roller,  that  is,  along  the  line  OY. 
This  will  always  be  the  case,  except 
when  this  force  is  applied  in  the  limiting 


case   in   the   direction  perpendicular   to 
the  plane  of  AB  (i.  e.,  when  a=0). 

Thus,  the  distance  in  this  case  traveled 
by  the  center  of  AB,  which  is  the  same 
as  the  path  rolled  by  it,  is 

sin  a 
and  the  distance  moved  through  by  the 
center  at  right  angles  to  OX  is 

XY=dcota. 

The  latter  value  is  the  one  usually 
taken  or  recorded  by  the  instruments  at 
present  in  use,  but  depends  directly  upon 
the  former. 

Next,  suppose  the  frame  carrying  the 
roller  is  constrained  either  by  guides,  as 
in  the  linear  planimeter,  or  by  the  radius 
bar  of  the  polar  planimeter,  or  other- 
wise, to  move  in  the  direction  of  OX, 
that  is,  in  the  direction  in  which  the  force 
acts.  When  the  center  of  the  roller  has 
reached  the  point  X,  that  is,  when  the 
force  has  been  exerted  through  a  dis- 
tance OX, 

Then  OZ  =  distance  slipped  by  AB  = 
d  cos  a. 

XZ  =  distance  slipped  by  OB= 
d  sin  a. 

Upon  the  degree  of  accuracy  with 
which  the  above  conditions  are  fulfilled 
depends  the  correctness  of  the  working 
of  all  integrators ;  for  not  only  do  these 
two  cases  entirely  cover  the  action  of 
the  two  classes  of  planimeters,  and 
the  corresponding  continuous  integra- 
tors, but  one  of  the  limiting  cases  in 
each,  viz.,  that  in  which  the  force  acts  in 
the  plane  of  rotation  of  the  wheel  (when 
a =90°),  represents  the  conditions  under 
which  the  wheel  of  the  boundary  meas- 
urer or  opisometer  is  employed.  It  may 
be  therefore  said  that  the  theory  of  me- 
chanical action  of  integrators  is  based 
upon  one  or  other  of  the  following  as- 
sumptions, in  which  the  limiting  case 
(namely,  when  am 90),  is  included. 

Class  I. — That  the  rolling  of  the 
planimiter,  when  slipping  is  allowed,  is 

N^/^sin  a. 

Class  II — That  no  slipping  takes 
place,  which  amounts  to  the  assertion 
that 

2       2sm  a 
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N,  and  N2  being  the  readings  in  each 
case,  and  k1  and  &2  suitable  constants  for 
the  instruments. 

It  is  easy  to  see  that  the  first  of  these 
is  really  the  assumption  made  for  all  in- 
struments in  Class  I. ;  but  in  the  various 
instruments  in  Class  II.,  it  is  only  with 
the  planimeter  of  Mr.  Boys  that  it  be- 
comes directly  obvious  that  the  above  as- 
sumption is  made.  With  the  others, 
though  it  is  less  evident,  nevertheless,  it 
will  be  found,  on  examination,  to  be 
equally  true  that  the  second  supposition 
is  really  made,  and  that  upon  its  truth 
the  correct  action  of  all  instruments  in 
the  second  class  depends.  The  forces 
acting  in  each  of  the  two  cases  must 
therefore  be  taken  into  consideration 
and  the  mechanics  of  the  problem  exam- 
ined. 

Proceeding  in  order  of  simplicity,  Class 
II.  will  be  examined  first. 

Let  AB  in  both  cases  (Fig.  50)  be  the 
plan  of  the  measuring  roller. 

Let  S= reaction  of  surface  upon  which 
AB  rolls,  that  is,  the  force 
with  which  it  is  kept  in  con- 
tact with  it ; 

/i= coefficient  of  friction  between 
roller  and  surface ; 

P  =  OC= reaction  of  surface,  which 
must  be  brought  into  action 
in  a  horizontal  direction  to 
cause  the  roller  to  turn  on 
its  axis. 

Class  II  {Fig.  50). — Suppose  the 
frame  in  which  the  roller  is  carried  to  be 
free  to  move  in  any  direction  horizontal- 
ly, let  a  force  be  gradually  applied  at  the 
center  of  the  roller  AB  in  the  direction 
perpendicular  to  the  plane  of  rotation. 
This  will  produce  no  effect  as  long  as  it 
is  less  than  the  maximum  resistance, 
which  can  be  opposed  by  friction  be- 
tween the  edge  of  the  roller  and  the  sur- 
face upon  which  it  rests,  that  is,  as  long- 
as 

B=OD  (Fig.  50)  <S//. 

When  the  force  B  is  equal  to  Spt,  and 
acts  within  the  angle  6,  the  roller  AB 
will  move  with  uniform  motion  along  the 
line  of  action  of  the  force  without  turn- 
ing. The  same  thing  will  hold  if,  instead 
of  the  force  acting  perpendicularly  to 
the  plane  of  rotation,  it  acts  at  some 
oblique  angle  to  it  not  exceeding  a  cer- 


tain value  measured  from  the  normal. 
The  limiting  value  of  this  angle  depends 
on  the  resistance  of  the  friction  of  the  axle 
of  the  roller  AB  to  turning.  Let  this 
angle  be  (6),  and  draw  OE  perpendicular 
to  OC,  meeting  the  circle  drawn  with  O 
as  center  and  radius  OD  in  E,  and  let 

<9 = angle  EOD. 
When  the  line  of  action  of  the  force  falls 
without  the   angle   6,   as,  for    instance, 


CLASS  2. 


when  it  takes  place  in  direction  OF,  the 
roller  will  still  slip  along  the  line  of  the 
force,  but  the  roller  will  now  also  turn. 
The  component  in  the  plane  of  rotation 
will  now,  however,  be  of  a  magnitude 
such  that  the  motion  of  rotation  of.  the 
roller  is  no  longer  uniform.  Since  only 
uniform  motion  is  being  considered  to 
take  place,  the  conclusion  is,  that  when 
the  force  acts  at  an  angle  greater  than  0 
to  the  axis  of  rotation  (*.  e.,  when  a>0) 
it  must  never  be  so  great  as  to  cause 
the  roller  AB  to  slip,  and  therefore  only 
a  motion  of  pure  rolling  can  take  place. 
By  proper  mechanical  devices  the  roller 
can  be  made  to  turn  very  easily,  and  angle 
be  kept  very  small. 
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The  magnitude  of  the  force  which 
must  be  applied  in  any  position  of  the 
roller  to  effect  this  motion,  is 

1  sin  a 

=F  cosec  a, 
and  is  at  once  given   by  the  intercepts 
drawn  from  O  to  CE  in  the  construction, 
shown  in  Fig.    50,   for  any  other  value 
of  d. 

Class  I.  (Fig.  51) — Suppose  that  the 

Fig,  si 


CLASS  I. 


frame  does  oppose  restraint,  and  that 
this  restraint  is  such  as  to  always  cause 
the  center  of  AB  to  move  in  the  direc- 
tion in  which  the  force  acts.  Let  OF 
(Fig.  51)  lie  in  this  direction,  making  the 
angle  a  with  the  axis  of  AB,  draw  EF 
perpendicular  to  OF  from  the  point  E, 
then  by  the  triangle  of  forces.  The  force 
required  to  move  AB  is 

P2=OF=Syu  cos  (a— 0). 
The  reaction  which  is  supplied  by  the 
frame  is 

Q=EF=Syusin(a-0). 

By  describing  a  semicircle  upon  OE  a 
construction  is  at  once  given,  as  shown 
in  Fig.  51,  in  which,  by  drawing  radial 
lines  from  O,  the  value  of  P2  for  any 
angle  is  at  once   given  by  the  intercept. 

The  above  investigation  is  by  no  means 
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a  complete  one,  for  this  would  require 
a  discussion  of  the  moments  acting,  but 
having  obtained  the  above  result  by  the 
more  complex  method,  the  author  con- 
sidered it  unnecessary  to  introduce  a 
more  detailed  proof  than  has  been 
given. 

Comparing  the  two  foregoing  cases  by 
means  of  the  diagrams  in  Figs.  50  and 
51,  Diagram  AB,  it  is  clear  that  the 
forces  acting  always  differ,  except  in  the 
limiting  cases;  then 
If  a  =  90°  P1=P2=F=OC; 

a=  0°         P1  is     <SyW; 

P2    is      ^SyU. 

In  order  to  examine  to  what  extent  the 
assumpltions  hold  good  upon  which  the 
accuracy  of  integrators  rests,  the  experi- 
mental determination  of  the  following 
points  is  needed. 

I.  Case  of  boundary  measures  and  lim- 
iting case  of  both  classes  of  area  and 
moment  integrators. — The  conditions  of 
rolling  of  two  surfaces  when  the  force 
acts  in  direction  of  the  plane  of  rotation. 

II.  Class  I.  of  area  and  moment  plan- 
imeters. — Whether  the  rolling  is  propor- 
tional to  the  slipping,  as  assumed. 

III.  Class  II.  of  area  and  moment  plan- 
imeters. — Whether  there  is  any  slipping 
in  this  case,  and  if  so,  to  what  extent. 

Case  I.  There  are  two  separate  prob- 
lems under  this  head;  one,  where  the 
planes  of  revolution  of  the  two  rolling 
surfaces  coincide;  and  the  other,  when/ 
they  do  not  coincide. 

Dr.  A.  Amsler  has  experimentally  in- 
vestigated the  former  thus:  Two  accu- 
rately turned  disks,  SS1,  (Fig.  52),  each 
200  millimeters  in  diameter,  were  placed 
with  their  edges  in  frictional  contact,  so 
that  the  mark  shown  on  each  coincided 
at  the  point  of  contact.  By  means  of  the 
apparatus  (Fig.  53)  the  lower  one  S  was 
turned  by  means  of  a  band  (BB1)  through 
1700  revolutions  one  way  (thus  turning 
the  upper  one  Sj),  and  then  1700  revolu- 
tions in  the  opposite  direction.  The 
marks  which  should  have  coincided  if  no* 
slipping  had  taken  place,  were  now  found 
to  be  as  in  Fig.  52,  the  marks  being  a 
distance  =  en  =  0.05  millimeter   apart. 

The  relative  error  is  thus  =  ~ — %—  = 

2wtt200 

(ab0ut)  40,000,000-     This    experiment  i& 
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only  of  value  to  show  the  error  when  the 
wheel  travels  back  by  turning  in  the  op- 
posite direction,  and  at  the  most,  shows 
that  the  error  is  nearly  the  same  in  both 
directions,  and  does  not  prove  anything 
with  regard  to  the  action  of  the  measur- 
ing roller  of  the  boundary  measurer; 
concerning  this  point,  observations  were 
wanted  upon  the  results  of  the  first  1700 
revolutions.  A  very  good  way  of  exam 
ining  the  point  would  be  to  note  the  diver 

Fig.  53 


gence  of  the  marks  in  x  revolutions  when 
S  drives  S1?  then  cause  Sx  to  drive  S  back 
through  the  same  number  of  revolutions, 
and  it  would  be  seen  whether  the  diver- 
gence was  due  to  a  difference  in  the  per- 
iphery of  the  wheels,  or  to  a  slipping  of 
the  surface  of  contact.  During  Dr.  Ams- 
ler's  experiments  no  one  was  allowed  to 
enter  the  room,  in  order  to  avoid  altera- 
tion of  temperature.  He  found  that  the 
heat  radiated  from  the  human  body,  or 
even  from  a  lighted  candle  placed  at 
some  distance,  had  a  perceptible  influence 
on  the  result. 

Fig.  54  shows  a  most  important  case, 
in  which  the  plane  of  rotation  of  the  sur- 
faces in  contact  do  not  coincide  with  that 
of  the  measuring  roller  (m)  being  actu- 


ated by  the  disk  M.  Fig.  55  shows  Dr. 
Amsler's  apparatus  for  examining  this 
case,  in  which,  if  the  edge  of  the  roller 
has  any  width,  there  must  be  slipping 
action,  even  though  the  force  always  acts 
in  the  direction  of  the  plane  of  rotation. 
The  roller  m  which  rests  on  the  upper 
surface  of  the  disk,  which  latter  has  its 
edge  divided,  and  is  in  juxtaposition  with 
a  vernier  (w).  The  axis  of  the  roller  is 
fixed,  and  its  edge  is  thus  kept  always 
vertically  under  a  microscope  (K).  The 
position  of  the  disk  is  noted,  and  it  is 
then  moved  forward  about  8  revolutions 
(or  exactly  2,900°),  which  gives  the  roller 
about  130  revolutions,  and  a  mark  is  ob- 
served on  the  latter.  Then  in  theory  the 
result  of  giving  8  more  revolutions  to  the 
disk  in  the  same  direction  should  be  to 
bring  the  same  mark  of  the  roller  under 
the  microscope,  Practically  the  succes- 
sive motions  of  the  disk  will  be  a  little 
different,  so  that  the  second  advance  of 
the  disk  will  not  be  exactly  the  same  as 
in  the  first  case.  The  same  mark  on  the 
roller  is,  however,  always  brought  under 
the  microscope,  and  the  difference  in 
turning  of  the  disk  is  what  is  noted. 
In  the  following  table — 

i= number  of  experiment, 

cp= angle  by  which  the  disk  differs 
from  last  reading, 
so  that  the  second  column  gives  the  po- 
sitions of  the  disk  at  the  end  of  succes- 
sive advances  in  which  the  roller  is  made 
to  take  130  complete  revolutions,  the 
third  column  shows  the  travel  of  disk  in 
minutes  (2,900°  having,  of  course,  to  be 
added  to  the  readings).  The  fourth 
gives  the  difference  between  these  and  a 
mean  value.  The  last  gives  the  ratio  of 
these  differences  to  the  travel. 


m— (<pi-Q(i— 10 

1. 
0 

(j>i-i  2,900°. 

0t--0(t-l)-  2, 900°. 

w_(0  _  (pi_1 

2,900°. 

2.58 

47.22 

-0.06 

-0.0000003 

1 

49.80 

47.28 

-0.12 

-0.0003007 

2 

37.08 

47.34 

-0.18 

-0.0000010 

3 

24.42 

46.98 

-1-0.18 

-0.0000010 

4 

11.40 

47.22 

-0.06 

-0.0000(03 

5 

58.62 

47.04 

+0.12 

+0.0000007 

6 

45.66 

46.98 

+0.18 

-0.0000010 

7 

32.64 

47.34 

-0.18 

+0.0000010 

8 

19.98 

46.86 

+0.30 

+0.0000017 

9 

06.84 

47  34 

-0.18 

-0  0000010 

10 

54.18 
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Case  II.  To  test  the  results  when  a 
roller  partly  rolls  and  partly  slips,  Dr. 
Amsler  used  the  apparatus  shown  (Fig. 
56)  in  plan  and  elevation.  In  this  C  is  a 
carriage,  running  upon  four  wheels,  on 
the  base  (B),  which  has  parallel  grooves 
planed  in  it;  the  travel  of  the  carriage 
being  limited  by  two  stops  at  the  ends. 
Upon  the   surface  of   C  the  measuring 


If  cp= actual  reading  of  vernier  v  ; 

and  q>=(p0  when  a=90  or  fi=0; 

then  u=s  cos  (cp  —  <p0), 
uY=s  cos  (cp1  —  cp0), 
un=s  cos  (<p2  — <p0),  etc. ; 

Then  tan  m=  -J — : — -^ ? — . — n 

it    sin  <p  —u  sin  <p 


Fia.  53 


roller  (m)  rests,  being  attached  to  a  plate 
A.  By  means  of  the  graduations  on  A 
the  axis  of  (m)  can  be  set  at  any  required 
angle  with  reference  to  the  direction  of 
motion  of  the  carriage.  The  frame  sup- 
porting the  roller  is  carried  on  the  disk 
by  means  of  pivots,  so  as  to  allow  (m)  to 
rest  on  the  surface  of  C  with  the  constant 
pressure  of  its  weight. 

If  a = angle  of  axis  of  (m)  in  the  direc- 
tion of  the  motion  of  the  car- 
riage; 
s= motion  of  the  carnage  ; 
u= turning  of  the  roller; 

Then  u=s  sin  a=s  cost  ^—a\=s  cos  (3. 


cos  {cpx-(pa)     cos  (<pt-  cp)0 

In  the  following  Table,  which  repre- 
sents the  results  of  experiments  when 
the  disk  was  covered  with  a  surface  of 
pear-tree  wood,  carefully  polished  (paper 
being,  however,  found  to  afford  almost 
as  good  results) : 

£=as  before,  the  number  of  the  experi- 
ment; 

Bi= angle  of  inclination  of  roller  for  ex- 
periment (i)  ; 

u'i= motion  of  roller  as  observed  for  ex- 
periment (i)  ; 

Vi amotion  of  roller  as  calculated. 
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(7tos  III. — The  actual  conditions  of 
motion  when  a  force  smaller  than  the 
component  of  S//,  acts  obliquely  to  the 
plane  of  rotation  of  the  measuring  roller, 
do  not  appear  "to  have  been  made  the 
subject  of  direct  experiment.  It  is  ap- 
parently always  tacitly  assumed  that  no 
slipping  takes  place.  But  this  crucial 
point  cannot  be  thus  left  to  mere  con- 
jecture, and  the  author  has  designed  a 
method  of  carefully  testing  this,  which 
he  has  not  yet  been  able  to  properly 
carry  out.  From  a  few  rough  observa- 
tions, there  seems  little  doubt,  howevei, 
that  some  slipping  always  does  take 
place,  and  that  its  amount  is,  in  the 
limiting  cases,  by  no  means  inconsider- 
able. 

Lastly,  a  few  words  may  be  said  con- 
cerning the  work  of  Professor  W.  Tinter 
and  of  Professor  Lorber.  The  former 
has  examined  most  carefully  no  less  than 
nine  different  planimeters,  from  which  he 
concludes  that  the  different  angles  at 
which  the  measuring  roller  of  the  polar 
planimeters  has  little  effect  upon  the  re- 
sult, and  that,  taking  one  turn  of  the 
measuring  roller  as  /=100  square  cm., 
the  average  error  in  the  reading  was 
only  from  =0.00075  to  0.0013,  according 
as  the  center  of  rotation  was  without  or 
within  the  area  to  be  measured.  The 
work  of  Professor  Lorber  is  so  exten- 
sive and  elaborate  that  it  is  impossible 


to  do  more  than  give  in  the  most  brief 
form  the  results  at  which  he  has  arrived 
after  many  thousands  of  experiments. 
He  concludes  that  error  in  the  reading  is 
always  represented  by  an  equation  of 
the  form — 
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where 


dn=K  •  +/44/n, 

dn  =the  error  in  the  reading, 
K    and    yuf^being    con- 
stants. 
?i=the  reading  of  the  meas- 
uring roller ; 
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the  above  equation  gives  rise  to  one  of 
the  following  form : 

where  F= actual   area  to  be   meas- 

ured, 


Precision  polar  planimeter 

=0.00069/+  O.OOOlSy'Sy 

Freely  swinging  planimeter 

=0.00060/"+ 0.00026  y'Jy 


STOP 

,     c          =^ 

• 

1 

ft    j 

" ft' 

(                                                           1 

w 


ELEVATION 


and  dF n=the  error  in  the  result  ex- 

pressed in  terms  of  the 
area. 

The  following  are  the  results  given  in 
his  latest  paper : 

Linear  planimeter  dF 

=0.00081/+  0.00087  ^/f/ 

Polar  planimeter 

=0.00126/+ 0.00022  VF/" 


Simple  plate  planimeter 

=0.00056/+  0.00084^5/ 
Kolling  (Coradi)  planimeter 

=  0.0009/+ 0.0006  y/jy 

The  degree  of  accuracy  represented 
by  these  results  may  be  inferred  from 
the  fact  that  in  one  case  of  the  last  plan- 
imeter, when 

dF         1 
/=100  the  relative  error=  ^-=  ■. 


SHRINKAGE  OF  EARTHWORK. 

By  P.  J.  FLYNN. 
Transactions  of  the  Technical  Society  of  the  Pacific  Coast. 


Some    years    since,  experiments    were 
made  in  Dharwar,  in  India,  by  Mr.  J.  H. 
E.  Hart,  C.  E.,  on  the  shrinkage  of  earth- 
work,   and   the   results  of  these  experi- 
ments agree  with  the  results  arrived  at  j 
by  Mr.  Specht    (Transactions  Technical  | 
Society,  May,  1885), namely,  that  the  em-, 
bankment  at  first  gave  a  volume  larger 
than  that  of  the  pit  from  which  the  ma- 
terial with  which  it  was  constructed  was 
excavated. 

Mr.  Hart  had  three  pits  excavated,  and 
the  material  from  each  pit  was  formed 
into  a  bank.  The  first  pit,  in  black  cot- 
ton soil,  was  49'  X  4£'  X  2' =416  cubic  feet. 


This  was  formed  into  an  embankment 
which  measured  50' X 6' X 2' =  600  cubic 
feet.  After  the  bank  was  measured, 
some  of  the  earth  from  it  was  filled  back 
into  the  pit,  up  to  the  level  of  its  edge, 
and  the  balance  remaining  measured  and 
found  to  be  equal  to  191  cubic  feet.  We 
have  here,  first — An  increase  from  pit  to 
bank  of  184  cubic  feet;  and,  second, 
again  an  increase  from  bank  to  pit  of  7 
cubic  feet. 

During  the  rainy  season  (and  the  rains 
in  Dharwar  are  heavy),  as  the  material  in 
the  pit  sank  it  was  filled  up  to  the  level 
of  its  edge,  and  at  the  end  of  the  rainy 
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season  the  balance  was  measured,  and 
found  to  be  reduced  to  22.5  cubic  feet. 
This  showed  an  increase  of  the  made 
ground  over  the  pit  by  5.3  per  cent. 
The  second  and  third  experiments  were 
made  in  red  gravelly  soil,  or  moorum, 
which  is  an  iron-stone  gravel,  mixed  with 
about  50  per  cent,  of  earth. 

In  the  second  experiment  a  pit  49^'X 
4i'x2'=420  cubic  feet,  formed  a  bank 
which  measured  49J'  X  6'  X  If '=520  cubic 
feet,  giving  a  first  increase  of  24  per 
cent. 

A  third  pit,  491'X4J,X2'=445  cubic 
feet,  was  excavated,  and  the  material 
again  filled  back  into  pit,  leaving  a  bal- 
ance of  111  cubic  feet =25  per  cent.,  as 
a  first  increase.  During  the  rains  the 
pit  was  kept  filled  to  level  of  edge,  and 
after  the  rains  the  balance  was  55  cubic 
feet,  giving  an  increase  of  12J  per  cent. 

Although  these  experiments  are  on  a 
small  scale,  still  they  are  of  some  use  as 
information  on  a  branch  of  engineering 
that  has  not  been  experimented  on  as  fully 
as  the  subject  requires.  The  experi- 
ments, however,  would  be  more  useful 
were  full  information  given  as  to  how 
the  embankments  were  constructed  and 
the  pits  filled,  that  is,  as  to  whether 
wheelbarrows  or  baskets  were  used  for 
the  carriage  of  the  material,  and  the  earth 
deposited  in  layers  and  rammed ;  or  as 
to  whether  the  earth  was  simply  thrown 
out  from  the  pit  and  thrown  back  again 
after  measurement  in  bank. 

From  the  large  increase  of  embank- 
ment over  the  excavation,  the  inference 
to  be  drawn  is  that  the  material  was  not 
rammed. 

Embankments  in  India  are  often  con- 
structed by  basket  work,  the  material  be- 
ing carried  in  saucer-shaped,  wicker  bas- 
kets, containing  less  than  a  cubic  foot. 
In  the  construction  of  embankments  to 
retain  water,  this  basket  work  is  done  in 
thin  layers  of  less  than  nine  inches  in 
depth,  the  earth  being  roughly  leveled  up 


as  it  is  deposited  from  the  baskets,  and 
then  well  punned  with  wooden  or  cast- 
iron  rammers  weighing  about  12  pounds. 
In  addition,  the  constant  trampling  of  the 
men,  women  and  children  employed  in 
carrying  the  baskets,  so  consolidates  the 
bank  as  to  make  it  impervious  to  water. 
The  layers  of  earth  are  sometimes  wa- 
tered. Embankments  constructed  in  this 
manner  shrink  or  settle  very  little  after 
they  are  finished.  They  are,  in  fact,  an 
approach  to  puddle  work,  though  not 
nearly  so  expensive. 

The  writer  has  constructed  embank- 
ments with  a  grading  machine,  tipping 
from  wagons  from  grade,  wheelbarrows, 
hand-cars,  carts,  scrapers,  and  punned 
basket-work,  and  of  all  these  he  believes 
that  punned  basket-work  settles  the  least, 
and  is  the  best  suited  for  hydraulic 
work,  and  the  next  best  work  to  it  for 
a  similar  purpose  is  that  done  by  scrapers. 

Thousands  of  embankments,  and  some 
of  them  counted  amongst  the  largest  and 
oldest  dams  in  the  world,  have  been  con- 
structed in  India  by  basket-work,  with- 
out any  puddle  wall  or  puddle  lining ;  and 
some  of  them,  that  have  been  looked 
after  and  kept  in  repair,  are  as  good,  if 
not  better,  at  the  present  day  than  when 
they  were  originally  constructed,  hun- 
dreds of  years  since. 

This  kind  of  work  is  done  much 
cheaper  there  than  earthwork  in  this 
country.  The  writer  has  constructed 
embankments  in  the  Pan  jab,  the  lead  be- 
ing from  100  to  200  feet,  for  three  ru- 
pees per  thousand  cubic  feet,  that  is,  at 
the  rate  of  four  cents  per  cubic  yard. 

More  than  forty-five  years  since,  Mr. 
Ellwood  Morris,  C.  E.,  made  some  ex- 
periments, on  a  large  scale,  on  the  shrink- 
age of  earthwork.  The  embankments 
were  formed  in  layers  by  carts  and  scra- 
pers, and  one  winter  intervened  between 
the  commencement  and  completion  of  the 
work.  The  results  of  the  measurements 
are  given  in  the  following  table  : 


Nature  of  soil. 

Excavation, 
Cubic  Yards. 

Embankment, 
Cubic  Yards. 

Compression. 

In  Cubic  Y'ds. 

Proportional. 

Yellow  clayey  soil 

6,970 
25,975 
10,701 

6,262 

23,571 

9,317 

708 
2,404 
1,384 

0.1015 

Light  sandy  soil 

0.0925 
0.1293 

On  the  whole 

43,646 

39,150 

4,496 

0.1030 
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The  total  average  compression  in  em- 
bankment being  a  little  more  than  10  per 
cent,  of  the  excavation.  Other  observa- 
tions, on  a  smaller  scale,  showed  that 
gravelly  earth  shrank  about  one-twelfth. 
The  results  of  these  experiments,  along 
with  the  experiments  on  rock,  are  given 
in  the  table  at  page  464. 

With  a  few  exceptions  the  results  of 
these  experiments  have  been  heretofore 
used,  and  are  still  in  use  to  the  present 
day,  in  American,  English  and  Indian  en- 
gineering practice. 

As  a  rule,  books  of  reference  in  the 
English  language  give  the  shrinkage  of 
different  materials,  without  making  any 
allowance  on  account  of  different  meth- 
ods of  construction  and  different  heights 
of  bank.  For  instance,  the  shrinkage  of 
earth,  in  general,  is  given  at  about  10  per 
cent.  Now,  if  10  per  cent,  be  sufficient 
for  the  shrinkage  of  a  bank  of  that  ma- 
terial, and  30  feet  in  height,  constructed 
from  the  end  of  bank  to  the  full  height 
by  "tipping"  from  wagons,  surely  a 
similar  bank  only  12  feet  high,  built  up 
in  layers,  and  consolidated  by  good  scra- 
per work,  will  shrink  much  less  than  10 
per  cent. 

In  no  other  branch  of  civil  engineer- 
ing, since  the  time  when  railroads  were 
first  commenced,  has  such  an  immense 
quantity  of  work  been  carried  out,  and 
expenditure  incurred,  as  in  earthworks  ; 
and  in  no  other  branch  of  engineering, 
of  equal  importance,  have  so  few  experi- 
ments, on  a  scale  adequate  to  the  inter- 
ests involved,  been  published.  In  other 
branches  of  engineering,  long,  tedious, 
and  expensive  experiments  are  carried 
out  without  any  other  return  resulting 
from  them  than  the  information  they 
give;  but  experiments  on  earthwork 
could  be  carried  out  on  a  large  scale,  as 
actual  work,  and  with  little,  if  any,  addi- 
tional expense  more  than  the  contract 
price  of  the  work. 

In  the  experiments  that  have  been 
made  there  is  a  want  of  general  agree- 
ment, and  in  some  cases  the  results  ob- 
tained, in  similar  materials,  differ  so  much 
from  each  other  as  to  point  more  to  er- 
rors made  by  some  of  the  observers  than 
to  errors  resulting  merely  from  the  dif- 
ferent methods  of  construction.  This  is 
well  illustrated  in  the  table  which  I  now 
give,  showing  the  percentage  of  increase 
or  diminution  from  cut  to  fill.     Some  of 


the  materials  are  mentioned  more  tban 
once,  with  a  slight  change  in  name,  but  I 
deem  it  better  to  give  the  author's  own 
words,  descriptive  of  the  material,  than  to 
make  a  selection  of  the  materials  under 
a  fewer  number  of  names. 

The  experiments  of  Henz,  Von  Kaven 
and  Graeff,  given  p.  464,  are  taken  from 
Mr.  Specht's  paper,  already  referred  to. 
The  experiments  of  Henz,  quoted  in  the 
that  table,  are  stated  to  give  the  perma- 
nent increase  in  volume  from  cut  to  fill, 
and  to  be  the  result  of  a  large  number 
of  observations  of  actual  work. 

From  an  inspection  of  the  table  it  will 
be  seen  that  Henz  gives  a  permanent  in- 
crease in  volume  of  from  1  to  6  per  cent. 
— sand  and  clays — for  materials  of  the 
same  description  as  those  for  which  Mr. 
Morris  and  other  engineers  allow  a 
shrinkage  of  from  8.5  to  12.5  per  cent. 

Then,  again,  for  rock,  Henz  allows  an 
increase  of  from  8  to  12  per  cent.,  and 
Von  Kaven  an  increase  of  from  8  to  10 
per  cent.,  but,  for  the  same  material, 
Morris  allows  42  to  60  per  cent.,  Searle 
60  per  cent.,  Trautwine  66  to  75  per 
cent.,  and  Moles  worth  50  per  cent,  of  in- 
crease. 

The  writer  is  at  present  engaged  on 
the  construction  of  the  south  jetty  of 
Oakland  harbor  for  the  United  States 
Government.  In  the  carefully-laid  dry 
masonry  of  this  work,  where  all  badly- 
fitting  stones  are  rejected  for  face  work, 
and  the  stones  are  too  large  to  be  laid 
by  hand,  and  require  a  derrick  for  that 
purpose,  the  voids,  before  chinking  is 
done,  are  more  than  12  per  cent,  of  the 
laid  face  work.  There  is  no  method  of 
railroad  construction  by  which  an  em- 
bankment can  be  made  so  as  to  have  as 
few  voids  as  this  jetty.  On  the  con- 
trary, however,  by  the  usual  methods  of 
construction,  the  voids  will  be  found  to 
be  from  six  to  seven  times  more  than  the 
quantity  given  by  Henz. 

The  difference  in  rock  between  the  Ger- 
man, and  American  and  English  experi- 
ments is  very  great,  but  it  will  not  be  dif- 
ficult to  prove  that  there  is  something 
wrong  with  the  German  rock  experiments. 
Trautwine  gives  the  average  weight  of 
granite  at  170  pounds  to  the  cubic  foot, 
and  he  also  gives  the  weight  of  a  cubic 
foot  of  roughly-scabbled,  dry  rubble 
granite  masonry  at  125  pounds.  There  is, 
therefore,  an   increase   in   volume  of  36 
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Material. 

Authority. 

Percent,   of 
lncrease+ 
or  Diminu- 
tion—of 
Emb'nkm't 

to 
Excavation. 

Remarks. 

Sand    

Hewson 

-10 
-10 

+1  to +1.5 

+9 
-12.5 
-11 
-9 

-8 

Yery  light  sand 

Sandy  soil 

Graeff  

Henz 

Sandy  loam 

Specht 

Morris 

After  fill  is  finished. 

Light  sandy  earth 

Light  sandy  soil 

Molesworth 

Gravel  and  sand . 

Yose 

Sand  and  gravel 

Earth 

Trautwine — Searle  .... 
Miss.  Levees,  1882 

^  addition  to  height  of  bank. 

Earth 

Simms 

Canadian  Pacific  R.  R . 
Canadian  Pacific  R.  R. 

-10 

Earth  (scraper  work) 

Earth  (grading  machine) 

Earth  (carefully  tamped) 

Loam  &  light  sandy  earth. . . . 
Loam 

Shrinkage  of  bank  10$. 
Shrinkage  of  bank  15  to  11%. 

Graeff 

Yose 

Trautwine— Searle 

Yon  Kaven 

-9  to  -20 

-12 

-12 

+2 

+3 

-10 

-10 

-8.5 

-8 

Clay  and  loam 

After  fill  is  finished. 

Henz 

Clay  and  earth 

Yose 

Yellow  clayey  earth 

Morris 

Gravelly  earth 

Morris 

Gravel 

Molesworth — Yose  .... 
Hewson 

Clav 

£  addition  to  height  of  bank. 

-Clay 

Trautwine— Searle 

Henz 

-10 

+4  to  +5 

+5 

+6  to  +7 

+20 

-8 

-25 

-15 

-15 

+30 

+3 

+8  to  +10 

+8  to +12 

+50 

+50  to +60 

+25 

+66  to  +75 

+60 

+42 

+60 

+50 

+70 

+25  to  +30 

+20 

+80 

+90 

+75 

+60 

+9 
0 

Marl 

.Hard  clay. 

Yon  Kaven 

Henz 

After  fill  is  finished. 

Hard  clay 

■Clay  before  subsidence 

Clay  after  subsidence 

Puddled  clay 

Molesworth 

Molesworth 

Trautwine 

Searle 

Wet  soil  .  .• 

Loose  vegetable  surf,  soil 

Chalk 

Trautwine 

Molesworth 

Yon  Kaven 

Yon  Kaven 

Soft  sandstone 

After  fill  is  finished. 

Rock ; 

After  fill  is  finished. 

Henz 

Rock 

Yose 

Rock 

Graeff 

Rock 

Rhine  Nahe  Railroad . . 
Trautwine 

Rock 

Rock,  large  fragments 

Hard    sandstone    rock,  large 
fragments 

Searle 

Morris 

Blue   slate  rock,   small  frag- 
ments  

Morris 

Molesworth 

Searle         

Rock,  medium  fragments. . .  . 
Rock,  medium  unselected. . . . 

Molesworth 

Rock  (metal) 

Molesworth 

Rock,  small  fragments 

Rock  fragments  (loose  heap^. . 

Rock    fragments    ( carelessly 

piled).     ' 

Searle 

Trautwine 

Trautwine 

Rock    fragments     ( carefully 
piled) 

Trautwine 

Rock  mixed  ^  to  \  clay 

Rock  with  considerable  clay. . 

Yon  Kaven 

Graeff 
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per  cent,  from  solid  rock  to  dry  masonry. 
In  order  to  reduce  the  increase  to  only  8 
per  cent.,  given  by  Henz,  the  voids  in  his 
rock  embankment  would  have  to  be  less 
than  one-fourth  of  that  of  the  dry  granite 
masonry  mentioned.  In  railroad  con- 
struction, as  generally  carried  out,  this 
is  not  possible.  Well-dressed  granite  or 
limestone  uncoursed  masonry  contains 
more  than  8  per  cent,  of  mortar.  Gen- 
eral Gilmore,  in  his  work  on  "  Limes,  Ce- 
ments, etc.,"  states  that  ordinary  masonry, 
in  courses  of  12  in.  to  20  in.  rise,  contains 
about  8  per  cent,  of  mortar. 

If  the  percentage  of  increase  allowed 
for  rock  is  to  be  accepted  as  a  fair  sam- 
ple of  the  accuracy  of  the  experiments 
of  Henz  and  Von  Kaven,  as  a  whole, 
then  the  conclusion  to  be  arrived  at  is, 
that  any  estimates  based  on  them  must 
be  inaccurate  and  lead  to  serious  errors. 

The  disagreement  of  the  German  au- 
thors from  the  American  and  English  au- 
thors as  to  shrinkage,  is  certainly  re- 
markable. The  Germans  give,  on  the 
whole,  a  permanent  increase  for  sands, 
clays,  and  similar  materials,  but,  on  the 
contrary,  the  Americans  and  English 
give  a  diminution.  For  rock,  the  latter 
give  an  increase  from  cut  to  fill  many 
times  more — in  some  cases  nine  times 
more — than  the  former. 

American  and  English  authorities  also 
differ  materially  on  some  points,  as  shown 
in  the  small  table  below,  which  gives  the 
percentage  of  increase  for  rock  of  differ- 
ent sizes : 


therefore  amount  to  44,  which  is  equiva- 
lent to  an  increase  in  volume  of  79  per 
cent,  from  the  solid  rock.  This  agrees 
with  Searle  and  Trautwine. 

In  Gillespie's  "  Eoads  and  Railroads," 
he  gives  a  quotation  from  Gayffier,  which 
says: 

"  A  cubic  meter  of  broken  stones, 
placed  in  a  water-tight  box,  which  they 
just  fill,  can  receive  in  the  empty  spaces 
between  the  fragments  a  volume  of  water 
T4^8¥,  or  nearly  one-half  of  the  whole,  the 
actual  solidity  of  the  stones  being  there- 
fore only  f-^.  This  does  not  vary  for 
stones  from  1  to  8  inches  in  size." 

This  is  equivalent  to  an  increase  of  92 
per  cent.,  and  is  practically  a  close  agree- 
ment to  the  result  obtained  by  Trautwine, 
with  a  loose  heap  of  rock  fragments, 
which  gave  an  increase  of  90  per  cent. 

As  an  instance  of  large  percentage  for 
shrinkage,  I  may  mention  the  construc- 
tion of  the  Western  Division  of  the  Can- 
adian Pacific  Railway,  where  10  per 
cent,  was  allowed  for  the  subsidence  of 
earthen  embankments  constructed  by 
scraper  work,  and  15  to  17  per  cent,  for 
similar  banks  constructed  with  a  grading 
machine. 

Another  instance  of  still  larger  per- 
centage is  that  on  the  construction  of  the 
levees  of  the  Mississippi  (1882),  where  17 
per  cent,  is  allowed  for  shrinkage  of  em- 
bankment, and  this,  be  it  remembered,  is 
for  an  embankment  which  is  intended  to 
keep  out  water.  The  specifications  do 
not  state  the  method  of  construction,  and 


Molesworth. 


Searle 


Trautwine. 


Rock,  large  fragments. . . 
Rock,  medium  fragments 
Rock,  small  fragments . . . 


+50 

+25  to  +30 

+20 


+60 

+70 
+80 


+66  to  +75 


+60  to  +90 


In  this  table  it  will  be  seen  that  Moles- 
worth  makes  the  voids  to  decrease  with 
the  decrease  in  the  size  of  rock,  whereas 
Searle  and  Trautwine  make  the  voids  to 
increase  with  the  decrease  in  size  of  the 
rock. 

Under  the  heading  of  "  Volume  of  In- 
terstices in  Concrete,"  Molesworth  gives, 
for  five  descriptions  of  small  stone,  the 
"  percentage  of  total " — that  is,  t*he  per- 
centage of  interstices  to  total  volume. 
The  mean  of  these  five  is  44.  In  a  vol- 
ume of  100,  including  voids,    the  voids 


no  mention  is  made  of  a  grading  ma- 
chine, but  it  is  stated  that  "  a  sufficient 
number  of  dumping  men  be  kept  on  the 
levee  to  spread  the  earth  as  it  is  wheeled 
or  carted  in." 

In  sandy  loam  Mr.  Specht  found  the 
volume  of  embankment,  after  completion, 
to  increase  more  than  9  per  cent,  over 
the  excavation.  Morris  and  other  au- 
thorities found  that  similar  materials  had 
an  ultimate  shrinkage  of  over  ten  per 
cent.  Therefore,  to  cause  an  equal 
shrinkage  of  10  per  cent,  from  cut  to  fill, 
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in  Mr.  Specht's  work,  his  embankment, 
after  completion,  would  have  to  shrink 
about  18  per  cent.  In  other  words,  a 
bank  of  loam,  10  feet  high,  built  up  in 
layers  by  scraper  work,  would  have  to 
settle  about  2  feet. 

An  examination  of  the  table  at  page 
464  will  show  other  serious  differences 
amongst  the  authorities  given,  in  the  per- 
centage allowed  for  shrinkage. 

In  such  experiments  any  near  agree- 
ment is  not  to  be  expected,  but  at  least 
it  is  reasonable  to  expect  a  general 
agreement  tending  one  way  from  the 
same   materials   in   similar  banks.     The 


in  the  rules  given,  I  give  three  examples 
from  three  well-known  authors.  Searle, 
in  his  "Field  Engineering,"  gives  the  ratio 
of  shrinkage  to  cut  for  different  mate- 
rials, and  adds,  with  reference  to  settle- 
ment : 

"  The  lineal  settlement  will  be  about  in 
the  ratios  given  above." 

An  investigation  will  show  this  rule 
to  be  correct. 

Alexander  L.  Holley,  C.  E.,  in  his 
"  Eailway  Practice,"  states  : 

"  The  shrinkage  of  earthwork  is  stated 
to  be  as  the  cube  of  the  depth ;  hence  the 
necessity  of  due  provision  in  lofty  banks." 


NOT  TO  SCALE. 


NOT  TO  SCALE. 


experiments  conducted  in  this  manner 
should  all  show,  for  similar  materials, 
either  a  diminution  or  increase,  and  not 
a  diminution  in  one  case  and  an  increase 
in  the  other. 

In  the  practice  of  American  and  Eng- 
lish engineers  there  is  considerable  di- 
vergence amongst  themselves  as  to  the 
subsidence  or  settlement  of  embank- 
ments, which  subsidence  again  depends 
on  their  shrinkage  in  volume.  Some  au- 
thors give  the  percentage  of  shrinkage 
without  any  reference  to  settlement  of 
bank,  and  in  these  cases  the  inference  to 
be  drawn  is  that  the  settlement  is  the 
same  as  the  shrinkage.  Other  authors 
give  rules  for  the  settlement  which  do 
not  agree  with  the  shrinkage. 

In  order  to  show  the  want  of  accord 


For  the  purpose  of  illustration,  the 
shrinkage  and  settlement  are  assumed 
for  a  bank  5  feet  high,  and  from  this 
the  settlement  of  a  bank  40  feet  high  is 
found.  The  bank  shown  in  Fig.  1  (not 
to  scale)  is  14  feet  wide  on  top,  5  feet 
deep,  and  has  side  slopes  1^  to  1. 

After  ultimate  shrinkage  the  five-foot 
bank  is  assumed  to  have  settled  3  inches, 
therefore  the  area  of  shrinkage  will  be  a, 
b,  c,  d,  e,  /,  «,  on  fig.,  equal  to  21.5 X-25 
=  5.375  square  feet,  which  is  a  reasonable 
shrinkage,  being  only  5  per  cent,  of  the 
area  of  the  bank. 

Now,  as  40s :  58  : :  512  :  1. 

Therefore,  the  shrinkage  of  the  40  feet 
bank  will  be : 

5.375x512  =  2,752  square  feet. 
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This  is  equal  to  A,  B,  C,  D,  E,  F,  A,  Fig. 
2 ;  and,  as  the  shrinkage  is  all  vertical,  the 
area  of  shrinkage  divided  by  mean  width 
=  settlement. 


Therefore  the  settlement  = 


2752 
74 


37 


feet,  being  almost  the  full  height  of  bank. 

If  the  shrinkage  of  the  5-foot  bank  be 
taken  at  only  2  per  cent.,  then,  by  the 
rule  of  the  cube  of  the  depth,  the  settle- 
ment of  the  40-foot  bank  will  be  14  feet. 
From  these  examples  it  will  be  seen  that 
this  rule  does  not  hold  good,  and  that  the 
shrinkage  is  not  as  the  cube  of  the  depth. 
Mr.  Holley  evidently  copied  this  rule 
without  investigation. 

There  is  a  sort  of  scientific  look  about 
the  rule,  but  an  investigation  will  show 
that  it  is  nothing  more  than  a  most  use- 
less and  misleading  rule  of  thumb. 

To  show  how  rules  are  sometimes 
glanced  over  and  accepted  without  in- 
vestigation, it  may  be  mentioned  that  this 
rule  was  given,  several  years  since,  in  a 
work  which,  in  other  respects,  is  accurate, 
namely,  the  "  Treatise  on  Civil  Engineer- 
ing," in  use  at  the  Eoorkee  Civil  Engineer- 
ing College,  and,  in  all  likelihood  it  is 
continued  in  it  to  the  present  day  in  the 
last  edition.  It  was  not  until  long  after 
the  writer  left  the  college  that  he  tested 
its  accuracy  and  found  out  its  fallacy. 

Vose,  in  his  "  Manual  for  Railroad  En- 
gineers," quotes  the  experiments  of  Morris 
for  shrinkage,  after  which,  and  under  the 
heading  of  "Subsidence,"  he  states  : 

"It  has  in  some  cases  been  specified 
that  the  embankments,  when  completed 
by  the  contractor,  should  be  finished 
to  the  full  height  from  three  inches 
above  the  intended  height,  upon  a  bank 
5  feet  high,  to  nine  inches  upon  a  40- 
foot  bank,  and  intermediate  heights  be- 
ing in  proportion." 

Vose  here  gives  a  rule  that  in  a  certain 
case,  when  a  5-foot  bank  subsides  3 
inches,  a  40-foot  bank  will  subside  9 
inches.  He  also  states  that  banks  shrink 
a  certain  percentage  in  proportion  to 
their  volume.  As  already  shown,  the 
shrinkage  of  a  5-foot  bank,  and  corre- 
sponding to  a  subsidence  of  3  inches,  is 
5.375  square  feet,  which  is  five  per  cent, 
of  the  area  of  bank,  107.5  square  feet. 

Now,  a  40-foot  bank  (Fig.  2)  has  an 
area  of  2,960  square  feet,  and  5  per  cent, 
of  this  =  148  square  feet = its   shrinkage; 


and,  as  this  shrinkage  occurs  only  in  the 

148 
vertical  direction,  — —  =  2  feet = the  depth 

of  settlement:  and  not  9  inches.  From 
this  it  will  be  seen  that  the  rules  for 
shrinkage  and  settlement,  as  given  by 
Vose,  do  not  agree  with  each  other. 

I  think  I  have  shown  that  there  is  a 
great  want  of  general  agreement  in  the 
results  of  experiments  on  shrinkage,  and 
also  in  the  rules  for  settlement  as  given 
by  writers  on  the  subject. 

Holley  says :  "  Correct  allowance  is 
made  for  the  settling  of  the  material  of 
the  bank,  and  time  is  given  for  this  set- 
tling to  occur  before  the  ballast  is 
brought  on  or  the  rails  and  sleepers  laid. 
The  shrinkage  of  earthwork  sometimes 
disturbs  the  grade  at  a  rate  of  several 
feet  rise  or  fall  per  mile — in  normal 
grades  of  60  feet,  on  the  New  York  and 
Erie  Road,  a  distance  of  500  feet  was 
found  to  rise  at  the  rate  of  75.4  feet 
per  mile,  this  distance  being  approached 
and  succeeded  by  the  regular  grade  of 
60  feet.  In  another  place,  for  the  dis- 
tance of  200  feet,  the  rise  was  found  to 
be  at  the  rate  of  116.7  per  mile,  with  a 
level  of  100  feet  length  both  above  and 
below — the  average  grade  over  the  whole 
mile  being  60  feet.  These  cases  are 
similar  to  what  occurs  where  railway 
earthwork  is  not  properly  settled  before 
being  brought  into  use." 

On  the  assumption  that  the  settlement 
is  in  proportion  to  the  shrinkage  in  vol- 
ume, I  will  now  show  that,  even  when 
due  allowance  for  settlement  is  given  to 
the  bank  to  make  up  for  the  shrinkage  in 
volume  from  cut  to  fill,  still  cases  hap- 
pen where  the  bank  will  settle  more  than 
that  allowance,  and  it  is  possible  that  the 
banks  mentioned  by  Mr.  Holley  had, 
when  they  were  first  built,  the  full  allow- 
ance for  settlement  usually  given. 

It  is  well  to  note  here  that  there  is  a 
marked  difference,  in  some  cases,  between 
the  shrinkage  of  an  embankment,  and  the 
shrinkage  of  the  material  of  which  it  is 
composed,  from  cut  to  fill. 

Trautwine  says :  "  Although  earth, 
when  first  dug  and  loosely  thrown  out, 
swells  about  \  part,  so  that  a  cubic  yard 
in  place  averages  about  1\,  or  1.2  cubic 
yards,  when  dug ;  or  1  cubic  yard  dug  is 
equal  to  f ,  or  to  .8333  of  a  cubic  yard  in 
place;  yet,  when  made  into   an  embank- 


468 


VAN   NOSTRAND7S   ENGINEERING  MAGAZINE. 


ment  it  gradually  subsides,  settles,  or 
shrinks  into  a  less  bulk  than  it  occupied 
before  being  dug" 

Molesworth,  in  his  "Pocket  Book," 
states  that  clay,  before  subsidence,  in- 
creases in  volume  20  per  cent,  from  cut 
to  fill,  but  that  after  subsidence  it  shrinks 
in  bank  8  per  cent,  less  than  the  volume 
in  cut.  The  embankment  therefore 
shrinks  from  a  volume  of  120  to  a  volume 
of  92.  This  amounts  to  a  total  shrinkage 
of  embankment  of  23  per  cent. 

Mr.  Specht's  experiments  support  these 
statements  as  to  the  first  or  temporary 
increase  from  cut  to  fill.  He  found  that 
-"  53,350  cubic  yards  in  cut  gave  58,350 
in  fill,"  in  "sandy  loam  with  small 
amounts  of  adobe  and  hard  pan,"  which 
is  an  increase  of  9.4  per  cent.  Mr. 
Specht  remarks,  with  reference  to  this 
increase :  "  This  question  must  not  be 
confounded  with  that  of  final  settlement, 
which  sometimes  even  continues  for  a 
long  time  after  the  embankment  is  fin- 
ished." 

The  temporary  increase  of  volume  in 
embankment,  mentioned  below,  has  refer- 
ence to  banks  built  up  with  some  ra- 
pidity, to  full  height  and  without  layers. 

In  the  table,  page  464,  it  will  be  seen 
that,  for  materials  similar  to  Mr.  Specht's 
embankment,  American  and  English  en- 
gineers give  a  permanent  shrinkage  from 
cut  to  fill  of  from  8  to  12.5  per  cent., 
being  an  average  of  about  10  per  cent. 

This  final  shrinkage,  as  well  as  the  first 
increase,  being  allowed,  it  is  evident  that 
the  total  shrinkage  of  an  embankment 
from  its  first  completion  to  its  perma- 
nent settlement,  must  equal  the  first  in- 
crease in  bank  beyond  the  volume  in  cut, 
plus  the  final  shrinkage  from  cut  to  fill, 
that  is,  in  the  case  just  given,  9.4  +  10= 
19.4  in  a  volume  of  110,  which  is  equiva- 
lent to  17.6  per  cent. 

In  order  to  have  a  permanent  depth  of 
40  feet  after  settlement,  an  embankment 
in  the  material  just  described  would  re- 
quire to  be  built  48.5  feet  in  depth  at 
first. 

If  the  banks  mentioned  by  Mr.  Holley 
were  intended  to  be,  say  as  an  instance, 
46  feet  high  after  final  settlement,  and 
that  the  material  of  which  they  were  con- 
structed increased  at  first  5  per  cent, 
more  than  cut,  and  had  a  final  shrinkage 
of  10  per  cent,  less  than  the  cut,  then  the 
total  shrinkage  of  14  per  cent,  would  re- 


quire the  depth  at  first  to  be  53.5  feet. 
If,  however,  10  per  cent,  be  allowed  only 
for  shrinkage,  the  bank  will  at  first  be 
51.1  feet  deep,  and  as  the  actual  settle- 
ment of  this  at  14  per  cent,  will  be  7.2 
feet,  the  bank  at  final  settlement  will  be 
only  43.9  feet  deep  instead  of  46  feet, 
which  is  2.1  feet  lower  than  intended. 
This  is  as  much  as  the  greatest  settle- 
ment of  bank  already  mentioned  by  Mr. 
Holley,  and  is  due  entirely  to  the  fact 
that  no  increase  in  depth  of  bank  was 
allowed  in  proportion  to  the  first  increase 
in  volume  from  cut  to  fill. 

vis  it  not  probable  that  a,  great  deal  of 
the  settlement  noticed  in  earthen  banks 
is  to  be  accounted  for  as  just  explained? 

For  balancing  cuts  and  fills,  only  the 
permanent  difference  of  volume  in  cut 
and  settled  bank  is  to  be  taken  into  ac- 
count, but  for  settlement  of  bank  an  ad- 
ditional allowance  has  to  be  made  for  the 
temporary  increase  in  volume  from  cut  to 
fill. 

Cases  occur  where  it  would  not  be  ad- 
visable to  allow  for  the  full  shrinkage  of 
a  bank  during  construction,  and  it  is  here 
that  the  element  of  time  is  of  importance. 
Hewson,  in  his  work  on  "  Levees,"  says : 

"  Sand,  however  loosely  it  may  be 
shoveled  together,  fills  its  space  closely, 
and,  therefore,  whether  wet  or  dry,  set- 
tles at  a  very  small  diminution  of  the 
original  bulk.  In  time,  too,  the  process 
of  this  settlement  is  short." 

"  Spon's  Dictionary  of  Engineering " 
states : 

"  The  ultimate  settlement  of  embank- 
ments of  gravel  or  chalk  does  not  require 
more  than  two  or  three  years,  but  clay 
embankments  may,  in  some  cases,  con- 
tinue to  shrink  for  ten  years." 

To  give  an  instance  where  it  would  not 
be  advisable  to  allow  for  the  full  shrink- 
age. Let  an  embankment,  on  a  maxi- 
mum or  ruling  grade  of  1  in  100,  be  built 
across  a  hollow,  and  let  its  depth  gradu- 
ally increase  until  at  a  distance  of  200 
feet  from  beginning  of  fill,  its  depth  is 
40  feet.  From  experience  with  similar 
material,  it  is  known  that  the  embank- 
ment will  shrink  about  10  per  cent,  with- 
in two  years,  of  which  5  per  cent,  takes 
place  within  six  months,  and  another  5 
per  cent,  within  a  further  period  of  18 
months.  The  road  is  to  be  in  full  opera- 
tion within  about  six  months  from  con- 
struction of  the  embankment.     Now,  if 
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an  allowance  is  made  in  height  of  bank 
for  ultimate  shrinkage  of  10  per  cent., 
then  its  height  at  greatest  depth  will  be 
44.4  feet;  but  as,  within  six  months,  it 
will  shrink  only  5  per  cent.,  then  its 
height  at  that  time  will  be  42. 2  feet — that 
is,  2.2  feet  higher  than  grade.  This  2.2 
feet  additional  height  is  gained  in  200 
feet,  and  it  increases  the  grade  of  road 
from  1  in  100  to  a  steeper  grade  than  1 
in  50,  but  as  the  ruling  grade  is  to  be  1 
in  100,  the  allowance  for  ultimate  settle- 
ment during  the  construction  of  the  bank 
is  not  admissible.  If,  however,  shrink- 
age for  only  5  per  cent,  be  allowed  at 
first,  and  the  bank  built  up  to  42.1  feet 
in  height,  it  will  at  the  end  of  six  months 
have  settled  down  to  40  feet  and  be  even 
with  the  ruling  grade.  After  this,  as  the 
bank  gradually  settles,  it  can  in  the  reg- 
ular course  of  track  repairs,  be  brought 
to  grade  by  the  trackmen  with  additional 
ballast. 

As  to  the  effect  of  time  in  the  consoli- 
dation of  banks,  the  writer  is  of  opinion 
that  an  embankment,  built  of  loam  with 
a  slight  admixture  of  sand,  does  not  after 
several  years  so  shrink  and  consolidate 
as  to  equal  for  hydraulic  work  to  a  com- 
paratively new  bank  built  in  layers  of 
less  than  one  foot  thick  and  rammed. 
The  effect  of  time  does  not  consolidate 
the  bank  so  much  as  punning  during 
construction.  This  opinion  is  based  upon 
considerable  experience  in  cutting  through 
banks  of  the  material  mentioned. 

Very  old  banks  are  not  here  referred 
to,  as  the  writer  has  had  no  experience 
with  them. 

In  the  original  construction  of  that 
part  of  the  Grand  Trunk  Road  from  La- 
hore to  Wuzeerabad,  in  the  Panjab,  pro- 
vision was  made  for  drainage — by  bridges 
and  culverts — only  at  the  well  -  defined 
drainage  channels.  After  the  completion 
of  the  embankments,  the  drainage  works 
were  found  insufficient  to  carry  off  the 
flood  waters,  as  before  the  construction 
of  the  embankment,  more  water  was 
passed  away  over  the  surface  of  the  coun- 
try than  by  the  well-defined  drainage 
channels.  In  times  of  very  heavy  rainfall 
the  embankment  dammed  back  this  water, 
which  rose  behind  it,  flooded  the  country 
on  the  up  -  stream  side  of  the  bank, 
breached  the  road,  carried  away  bridges 
and  impeded  the  traffic. 

In   the   construction    of    bridges   and 


metaled  gaps  to  carry  off  the  flood  waters, 
the  writer  had  to  cut  through  the  em- 
bankments in  more  than  twenty -four 
places,  making  an  aggregate  length  of 
more  than  8,000  feet  in  a  distance  of 
fifty- eight  miles. 

In  places  where  the  bank  was  built 
without  punning,  it  was  found  that  after 
taking  off  about  two  feet  in  depth  of  the 
top,  the  body  of  the  bank  appeared  like 
material  newly  deposited,  and  it  was 
easily  excavated.  On  the  other  hand,  the 
banks  which  were  built  in  layers  and 
punned,  were  found  to  be  well  consoli- 
dated and  much  more  difficult  to  exca- 
vate. The  difference  in  the  banks,  though 
built  of  the  same  material,  was  very 
marked,  the  punned  banks,  even  when 
comparatively  new,  being  much  more  dif- 
ficult to  excavate  than  the  others. 

After  each  rainy  season  the  tops  and 
slopes  of  the  unpunned  banks  were  much 
more  cut  up  and  fissured,  and  required 
more  repairs  than  those  that  were  punned. 

The  banks  were  forty  feet  wide  on  top, 
with  side  slopes  of  two  to  one  and  from 
four  to  twelve  feet  high. 

In  some  cases,  during  floods,  the  un- 
punned banks  were  breached  by  leakage, 
before  the  water  reached  then  tops,  but 
not  in  a  single  instance  was  the  punned 
bank  reached  by  the  leakage.  Where, 
however, the  punned  banks  were  breached, 
the  water  first  rose  above  their  tops,  and 
in  flowing  over  them  and  falling  to  the 
down  stream  level,  cut  through  them. 

After  a  bank  was  constructed,  the  heavy 
and  continuous  traffic  passing  over  it  so 
consolidated  its  top  that  it  acted  as  a 
roof,  and  passed  off  the  rain-water  to  the 
side  slopes.  The  rain  -  water  was  thus 
prevented  from  entering  the  body  of 
the  bank  and  contributing  to  its  shrink- 
age. 

From  the  experience  gained  in  this 
work,  it  is  the  opinion  of  the  writer  that 
time  does  not  so  compact  and  solidify  an 
old,  unrammed  bank  as  to  make  it  equal 
for  the  purpose  of  impounding  water  to 
a  rammed  bank,  even  when  the  latter  has 
been  built  more  recently ;  and  it  is  also 
his  opinion  that  the  top  of  a  bank  for 
impounding  water  should  not  be  used  as 
a  roadway  until  after  the  lapse  of  suffi- 
cient time  to  allow  it  to  take  its  ultimate 
shrinkage. 

A  few  words  here  in  explanation  of 
metaled   gaps.     They  are   simple,  inex- 
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pensive  road- works,  to  pass  off  surface 
flood  waters,  and  to  save  bridging. 

It  was  found  that  the  bridging  on  the 
Grand  Trunk  Koad  required  to  pass  off 
the  flood  water,  amounted  to  more  than 
8,000  feet  in  length.  The  great  expense 
and  the  length  of  time  required  to  com- 
plete this  work  prohibited  bridging.  To 
provide  ample  outlets  for  surface  drain- 
age, portions  of  the  embankment  varying 
in  length,  according  to  the  requirements 
of  the  flood  waters,  from  100  to  1,700 
feet  at  ground  level,  were  excavated,  and 
from  ground  level  at  each  end,  slopes  of 
one  in  thirty  were  made  to  top  of  bank. 
The  slopes  and  the  portion  on  level  of 
country  were  metaled  to  a  width  of  eight- 
een feet,  and  on  each  side  of  the  metal, 
a  brick  wall,  two  feet  deep  and  one  foot 


I  will  now  show  that  under  certain 
forms  of  longitudinal  section,  and  one 
very  likely  to  occur  in  broken  ground,  the 
use  of  certain  formulae  in  the  computa- 
tion is  sure  to  cause  a  serious  error  in 
the  result.  Gillespie  says,  in  his  "  Roads 
and  Eailroads  " : 

"  Average  end  areas  is  the  most  usual 
method  in  this  country "  for  computing 
earthworks. 

Morris,  in  his  "Earthworks,"  says,  in 
reference  to  same  formula : 

"  This  rule  has  been  by  far  the  most 
used  of  any  in  our  country.  With  tables 
of  cubic  yards  it  is  very  expeditious,  and 
has  found  numerous  advocates  amongst 
engineers  on  account  of  its  simplicity  and 
convenience.' 

Searle  states  that  this  formula  is  ap- 


Fig.  3 


LONGITUDINAL  SECTION. 


wide,  was  built,  the  top  of  the  walls  being 
on  a  level  with  the  metaling.  A  row  of 
guide-posts  100  feet  apart  were  fixed  on 
each  side  of  the  metaling  to  guide  travel- 
ers and  vehicles  to  keep  on  the  roadway 
during  floods.  During  floods,  which  con- 
tinue for  only  a  few  days  in  the  year, 
these  gaps  passed  off  the  surface  flood 
water  at  a  low  depth — less  than  two  feet 
— and  at  such  a  low  velocity  as  to  permit 
traffic  to  be  carried  on  in  safety  through 
the  water,  though  at  great  trouble  and 
inconvenience. 

During  floods  the  gaps  were  fords,  and 
at  other  times  they  made  a  good  metaled 
road. 

After  the  flood  subsided,  the  ordinary 
drainage  of  the  country  was  passed  off 
by  the  well-defined  and  deep  channels 
which  had  bridges  or  culverts  built  over 
them. 

This  cheap  expedient  of  gaps  for  pass- 
ing off  surface  flood-water  permitted  the 
opening  of  the  road,  during  the  rainy 
season,  several  years  before  it  would 
otherwise  have  been  done  had  bridges 
been  built  at  the  time,  instead  of  gaps,  for 
carrying  off  all  the  surface  flood-water. 


proved  by  statute  to  be  used  in  the  pub- 
lic works  of  the  State  of  New  York. 

The  diagram  represents  the  longitudi- 
nal section  of  part  of  a  line  of  railroad, 
the  ground  at  all  points  transversely  to 
the  center  line  being  level,  so  that  all 
cross-sections  will  be  on  level  ground. 

The  cut  is  18  feet  wide  at  base,  with 
side  slopes  1  to  1,  and  the  fill  14  feet  on 
top,  with  side  slopes  1^  to  1. 

In  order  to  make  an  experiment  on 
shrinkage,  the  engineer  takes  out  the 
cut  and  builds  the  bank  to  the  sections 
required.  The  end  of  the]  bank  is  as- 
sumed to  stand  vertically  at  A.  The 
quantity  in  cut  completes  the  embank- 
ment for  197.06  feet  in  length,  as  shown 
in  diagram.  After  final  measurement, 
the  engineer  computes  his  quantities  by 
the  formula  of  average  end  areas.  He 
finds  the  volume  of  cut =3, 096  cubic 
yards,  and  the  fill= 2,784  cubic  yards. 
The  quantity  in  cut  appears,  therefore, 
to  exceed  the  fill  by  312  cubic  yards, 
showing  a  shrinkage  of  10  per  cent.  In 
fact,  however,  there  is  no  shrinkage.  If 
the  computations  are  made  by  the  pris- 
moidal  formula,  the  volume  of  the  cut 
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will  be  found  to  be  equal  to  that  of  the 
nil,  2,708  cubic  yards,  so  that  the  appar- 
ent shrinkage  of  ten  per  cent,  was  en- 
tirely due  to  the  use  of  an  incorrect  for- 
mula. 

If,  again,  the  computation  be  made  by 
the  formula  of  average  end  heights,  in 
which  a  section  is  taken  with  a  height 
equal  to  the  average  of  the  two  end 
heights,  the  volume  of  the  cut  will  be 
=  2,514  cubic  yards  and  the  fill  2,670 
cubic  yards,  showing  an  increase  of  156 
cubic  yards =6  per  cent.,  which  increase 
does  not  exist,  as  the  cut  and  fill  exactly 
balance,  as  before  explained. 

The  use  of  the  latter  formula  of  raid- 


The  following  table  gives  the  volume 
of  cut  and  fill  by  the  three  formulae 
used  above : 


Prismoidal  formula. . 
I  Average  end  area. . . , 
:  Average  end  heights , 


Cut  Cubic 
Yards. 


2,708 
3,096 
2,514 


Fill  Cubic 
Yards. 


2,708 
2,784 
2,670 


There  is  a  tendency  among  workmen 
to  leave  the  side  slopes  curved  in  cross- 
section.  For  instance,  embankments  are 
sometimes  finished  with  the  side  slopes 


Fig.  4 
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sections  gives  a  deficiency  equal  in 
amount  to  half  the  excess  found  by  the 
use  of  average  end  areas. 

Another  formula  by  mean  proportion- 
als, which  gives  less  than  the  correct  re- 
sult, is  sometimes  used.  The  prismoidal 
formula  is  the  only  one  of  the  four  given 
which  is  sure  to  give  correct  results. 

The   error   will    be   even   more    than 
shown   above,  when  the  ground  at  cut  j 
slopes    also    across    the    center   line    of 
road. 

The  error  is  greatest  when  one  of  the 
end  areas  =  0,  as  seen  in  the  column  of , 
cut  given  below.  In  similar  cross-sec- 
tions, in  ground  where  the  end  heights  do 
not  materially  differ,  the  error  is  small, 
as  will  be  seen  in  column  of  fill  given  be- 
low. Error  in  the  results,  however,  can  | 
be  avoided  only,  in  so  far  as  the  computa- 
tions are  concerned,  by  the  use  of  the 
prismoidal  formula. 


concave  as  shown  in  Fig.  4,  and  cuttings' 
especially  in  hard  ground,  are  left  with 
the  side  slopes  convex,  as  shown  in 
Fig.  5. 

It  is  therefore  advisable,  in  cross-sec- 

j  tioning  the  work  for  final  measurement, 

i  to  take  levels  and  measurements  at  fre- 

!  quent   intervals,   and   before    doing  this 

work  the  adjustment  of  the  level  and  the 

length  of  measuring  instruments,  chains, 

tape,  etc.,  should  be  looked  to. 

In  descriptions  of  shrinkage  experi- 
ments on  earthwork,  the  following  infor- 
mation would  be  useful,  and,  in  addition, 
such  other  information  as  might  be 
deemed  of  use  in  arriving  at  a  correct  re- 
sult : 

1.  The  description  of  material  and  lo- 
cality. 

2.  Method  of  construction,  such  as 
by  scrapers,  wheelbarrows,  tipping  from 


wagons,  etc. 


n 


I 
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3.  Longitudinal  section,  and  also  cross- 
sections  of  cutting  and  embankment. 

4.  Average  depth  of  layers,  and  if 
rammed. 

5.  Foundation  of  bank,  that  is,  descrip- 
tion of  ground  on  which  the  embankment 
is  constructed. 

6.  Dates  of  commencement  and  com- 
pletion of  bank  and  of  measurement. 


7.  Eainfall,  if  any,  and  a  general  de- 
scription of  weather  during  period  of 
work. 

8.  The  formula  used  in  computing  the 
quantities. 

9.  If  base  of  bank  has  been  flooded, 
the  depth  of  flooding,  period  during 
which  flood  lasted,  and  state  of  bank  at 
the  time,  should  be  given. 


ELECTRICITY  IN  WARFARE. 

Lecture  delivered  before  the  Franklin  Institute,  November  13, 1885,  by  Lieut.  B.  A.  FISKE,  U.  S.  Navy. 


The  first  practical  plan  for  using  elec- 
tricity in  warfare  was  devised  and  exe- 
cuted by  Col.  Samuel  Colt,  the  inventor 
of  the  revolver,  who,  in  1841,  wrote  to 
President  Tyler,  stating  that  he  had  in- 
vented an  apparatus  by  means  of  which 
he  could  destroy  in  a  moment  the  most 
powerful  man-of-war,  even  though  miles 
away,  and  asking  that  the  Government 
give  him  opportunity  for  demonstrating 
the  truth  of  his  statement. 

The  truth  of  his  statement  he  demon- 
strated a  year  later  by  exploding  a  "  tor- 
pedo "  under  water,  in  New  York  harbor, 
by  means  of  electricity.  Following  up 
this  success,  he  totally  destroyed,  by  sim- 
ilar means,  an  old  gunboat  named  Boxer, 
and  six  weeks  later,  in  sight  of  the  Presi- 
dent, Gen.  Scott,  and  others,  he  de- 
stroyed a  schooner  in  the  Potomac,  dis- 
tant five  miles.  Congress  at  once  appro- 
priated $17,000  to  continue  his  experi- 
ments and  perfect  his  apparatus  ;  and  in 
two  months  from  this  time  he  blew  up 
the  big  Yolta  in  New  York  in  the  pres- 
ence of  forty  thousand  spectators.  All  of 
these  vessels  were  at  anchor  ;  but  in  the 
spring  of  1843  Col.  Cotfc  demonstrated 
the  further  value  of  his  invention  by 
blowing  up  a  vessel  while  under  way  in 
the  Potomac,  he  being  at  Alexandria,  five 
miles  distant. 

These  performances  seemed,  in  that 
day  little  short  of  magic,  and  their  prac- 
tical value  was  evident  to  many,  yet  they 
stopped  short  at  this  point  and  were 
never  resumed.  Col.  Colt  endeavored  to 
get  further  assistance  from  the  Govern- 
ment, but  without  success.  From  a  va- 
riety of  reasons,  the  authorities  regarded 
his  plans   with   disfavor,  and  Colt,   dis- 


heartened and  distressed,  was  compelled 
to  abandon  his  invention  just  at  the  time 
when  its  success  was  assured  but  its  de- 
tails unperfected. 

But  the  Russians  caught  his  ideas,  and 
in  the  Crimean  War  we  find  the  harbor 
of  Sebastopol  defended  by  torpedoes, 
many  of  which  were  operated  by  elec- 
tricity. A  few  years  later,  in  our  Civil 
War,  the  electrical  torpedo  was  exten- 
sively used  by  the  Confederates  in  the 
protection  of  their  harbors.  In  the 
Franco-Prussian  War,  torpedoes  were  so 
successfully  employed  in  the  defence  of 
harbors  that  hostile  ships  did  not  even 
attempt  to  enter  them ;  and  in  the  Turco- 
Russian  War,  the  mere  suspicion  that  a 
harbor  was  defended  by  torpedoes  was 
enough,  in  many  instances,  to  keep  a  hos- 
tile fleet  at  a  surprising  distance — for  the 
hostile  fleet  could  not  know  just  how 
far  beyond  a  harbor  the  torpedo  defence 
extended. 

Since  the  experiments  of  Col.  Colt, 
the  electrical  torpedo  has  gradually  im- 
proved, keeping  pace  with  the  progress 
of  the  sciences  of  electricity  and  engi- 
neering. Yet  the  original  plan  is  the 
basis  of  the  most  elaborate  and  perfect 
instrument,  and  to  the  brain  of  Col.  Colt 
we  owe  the  surest  defence  we  have  for 
the  cities  and  harbors  of  our  extensive 
coast. 

At  the  present  day  an  electrical  torpe- 
do consists  of  a  strong,  watertight  ves- 
sel of  iron  or  steel,  which  contains  a  large 
amount  of  explosive,  usually  gun-cotton, 
and  a  device  for  detonating  this  ex- 
plosive by  electricity ;  and  the  most  im- 
portant form  is  that  form  which  is  an- 
chored in  a  channel,  and  which  is  made 
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to  explode  when  an  enemy's  ship  passes 
near  it.  These  torpedoes  are  usually 
called  "  submarine  mines.'' 

In  our  war,  most  of  these  torpedoes 
were  not  operated  by  electricity,  but  by 
mechanical  means,  which  consisted,  for 
the  most  part,  of  levers  protruding  out- 
side the  case,  and  so  connected  with  the 
explosive  inside,  that  when  a  lever  was 
struck  by  a  passing  vessel,  a  hammer  in- 
side was  caused  to  fall  upon  a  cap,  just 
as  when  the  trigger  of  a  musket  is 
pulled,  a  hammer  is  caused  to  fall  upon 
a  cap.  These  mechanical  torpedoes  were 
used  with  considerable  success  by  the 
Confederates,  and  they  caused  tremen- 
dous damage  to  the  Union  ships ;  but 
they  had  a  number  of  defects,  on  account 
of  which  they  have  been  almost  entirely 
supplanted  by  the  more  complete,  though 
much  less  simple,  electrical  torpedo. 

One  of  the  defects  of  mechanical  tor- 
pedoes was  the  danger  attending  the  op- 
eration of  planting  them,  another  was 
the  danger  attending  the  operation  of 
raising  them,  another  was  the  fact  that 
it  was  impossible  to  tell  whether  they  re- 
mained in  order,  save  by  the  expensive 
and  suicidal  plan  of  seeing  if  they  would 
explode  ;  and  still  another  defect  was, 
that  a  mechanical  mine  did  not  know  a 
friendly  ship  from  a  hostile  one,  but 
would  sink  either  with  absolute  impar- 
tiality. 

Now,  it  is  clear  that  an  electrical  tor- 
pedo is  free  from  all  these  defects,  be- 
cause it  cannot  be  exploded  unless  a  cur- 
rent of  electricity  be  sent  through  it 
from  a  battery  on  shore  or  on  board  ship, 
so  that  the  only  thing  to  do  when  it  is 
desired  to  make  it  harmless  is  simply  to 
disconnect  the  battery  ;  and  when  it  is 
desired  to  put  the  mine  into  operation 
again,  the  only  thing  to  do  is  simply  to 
reconnect  the  battery ;  moreover,  the 
condition  of  the  mine  can  at  any  time 
be  determined  by  sending  a  very  minute 
current  through  it,  even  though  the  tor- 
pedo be  miles  away,  and  buried  in  water 
many  fathoms  deep. 

In  order  to  understand  how  electricity 
can  explode  a  torpedo,  it  is  sufficient  to 
know  that  when  a  current  of  electricity 
goes  through  a  wire  it  heats  it  to  some 
extent,  and  if  the  wire  be  small  enough, 
the  heat  produced  is  sufficient  to  make 
the  wire  white  hot.  Clearly,  if  powder 
or  fulminate  of  mercury  be  in  contact 
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with  a  white-hot  wire,  the  powder  or  ful- 
minate will  be  ignited,  and  if  this  pow- 
der or  fulminate  be  enclosed  in  a  tight 
vessel,  together  with  powder  or  gun-cot- 
ton, a  tremendous  explosion  will  ensue. 
Therefore,  in  order  to  explode  a  torpedo, 
the  only  thing  necessary  is  to  send  a  cur- 
rent of  electricity  through  a  very  small 
wire,  preferably  of  platinum,  which  is 
within  the  torpedo  and  in  contact  with 
the  explosive. 

That  part  of  a  torpedo  which  includes 
this  small  wire  and  its  connections  is 
called  the  fuse.  In  practice,  the  fuse  is 
a  separate  thing,  and  is  screwed  into  the 
torpedo  case,  the  wire  from  the  battery 
coming  in  through  the  fuse  through  a 
water-tight  gland,  so  that,  after  the  fuse 
has  been  screwed  in,  the  torpedo,  as  a 
whole,  is  water-tight,  and  may  be  left 
under  water  for  months  without  injury. 
If  the  explosive  charge  is  wet  gun-cot- 
ton, as  is  now  usually  the  case,  the  fuse 
contains  fulminate  of  mercury,  and  is 
surrounded  by  a  small  charge  of  dry  gun- 
cotton.  The  heat  of  the  fuse-wire  ex- 
plodes the  fulminate,  the  explosion  of 
the  fulminate  causes  the  instant  explo- 
sion of  the  dry  gun-cotton,  and  this,  in 
turn,  causes  the  instant  explosion  of  the 
whole  charge  of  wet  gun-cotton  in  the 
torpedo. 

But  it  is  evidently  not  sufficient  to 
be  able  to  explode  a  torpedo  ;  we  must, 
also  know  when  to  explode  it,  that  isy 
we  must  know  when  the  hostile  ship 
is  in  such  a  position  that  she  will  be 
destroyed  if  the  torpedo  is  exploded. 
Clearly,  we  can  know  this  if  we  have  a 
chart  showing  the  exact  position  of  each 
torpedo,  and  have  also  an  arrangement 
by  which  we  can  know  at  any  instant  the 
bearing  of  a  ship  coming  up  the  channel 
from  two  stations  properly  situated.  If 
the  ship  comes  into  such  a  position  that 
she  is  in  the  line  of  one  of  the  torpedoes 
as  seen  from  each  station,  she  is  clearly 
on  the  intersection  of  those  lines,  and  is 
therefore  directly  over  that  torpedo,  and 
the  only  thing  necessary  is  to  touch  the 
electric  key  controlling  that  torpedo,  thus 
sending  an  electric  current  through  its 
j  fuse  and  causing  its  instant  explosion. 
|  Another  way  is  to  have  the  telescopes  at 
the  two  observing  stations  so  fitted  that 
when  both  point  at  any  torpedo  the  cur- 
|  rent  is  automatically  sent  through  that 
[  torpedo.     Therefore,   if  the   observer  at 
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each  station  keeps  his  telescope  bearing 
on  an  advancing  ship,  electricity  will  do 
the  rest,  and  the  ship  will  sink  when  she 
comes  within  the  radius  of  destructive 
effect  of  any  one  of  the  torpedoes. 

But  what  can  be  done  at  night,  or  in 
a  dense  fog?  Evidently  these  systems  will 
not  answer  then,  because  a  ship  cannot 
then  be  seen  ;  and  for  this  reason  torpe- 
does now  are  frequently  made  absolutely 
automatic,  so  that  whether  the  time  be 
day  or  night,   clear  or  foggy,  the  mere 
fact  of  a  ship's  striking  a  torpedo  is  suf- 
iicient  to  insure  her  instant  destruction. 
This  result  is  secured  by  the  use  of  what 
is  known  to  electricians  as  an  automatic 
circuit  closer,   that   is,   a    device  which, 
when  subjected  to  certain  conditions,  au- 
tomatically bridges  over  the  distance  be- 
tween two  points  which  were  separated, 
thus  allowing  the  current  to  pass  between 
them.     In  submarine  torpedoes  it  is  usu- 
al to  employ  a  small  weight,  which,  when 
the  torpedo  is  struck,  is  thrown   by  the 
force  of    the  blow    across    two    contact 
points,  one  of  which  points  is  in  connec- 
tion with  the  fuse,  the  other  in  connec- 
tion with  the  battery,  so  that  the  current 
immediately  runs  over  the    bridge  thus 
opened  and  through  the  fuse.     In  prac- 
tice, these  two  contact   points  are  con- 
nected by  a  wire,  even  when  the  torpedo 
is  not  in  the  state  of  being  struck ;  but 
this   wire    is    of    such    great    resistance 
that  the    current   is   too    weak  to    heat 
the  wire    in    the   fuse.      Yet,  when  the 
weight  above  mentioned  is  thrown  across 
the  two  contact  points,  the  current  runs 
across   this    bridge    instead  of    through 
the  resistance  wire,  and  is  then  strong 
enough  to  heat  the  wire  in  the  fuse  and 
explode  the  torpedo.     Now,  the  advan- 
tage of  having  a  wire  of  high  resistance 
between  the   contact   points,  instead   of 
having  no  wire  between  them,  is  that  the 
current  which  then  passes  through  the 
fuse,  though  too  weak  to   fire  it,  shows 
by  its  very  existence  to  the  men  on  shore 
that  the  circuit  through   the  torpedo  is 
all  right. 

But  instead  of  having  the  increased  cur- 
rent, caused  by  striking  the  torpedo,  to  fire 
the  torpedo  directly,  a  better  way  is  to 
have  it  simply  make  a  signal  on  shore,  and 
at  the  same  time  throw  in  a  firing  battery. 
Then,  when  friendly  vessels  are  to  pass, 
the  firing  battery  can  be  disconnected, 
and  when  the  friendly  ship  bumps  the 


torpedo  the  working  of  the  signal  shows 
not  only  that  the  circuit  through  the 
fuse  is  all  right,  but  also  that  the  circuit- 
closer  is  all  right,  so  that,  had  the  friend- 
ly ship  been  a  hostile  ship,  she  would 
certainly  have  been  destroyed. 

The  action  of  a  torpedo  placed  in  a 
harbor  and  connected  by  a  submarine 
cable  to  an  electric  battery  on  shore,  is 
thus  shown  to  be  quite  a  simple  thing. 
But  it  should  not  be  gathered  from  this 
that  the  protection  of  a  harbor  is  a  simple 
thing,  or  one  that  could  be  accomplished 
in  a  few  days  on  the  outbreak  of  war.  It 
should  be  remembered  that  each  torpedo 
contains  from  100  to  1,000  pounds  of  gun- 
cotton,  that  hundreds  of  torpedoes  will 
have  to  be  used,  that  the  amount  of  gun- 
cotton  required  will  be  enormous,  and 
that  it  will  be  wanted  in  a  hurry,  but 
that  the  operation  of  making  gun-cotton 
cannot  be  hurried ;  it  must  be  remem- 
bered that  to  make  the  torpedo  cases  re- 
quired will  consume  much  time,  that  the 
making  of  the  fuses  is  a  matter  requiring 
the  greatest  possible  care  and  calculation, 
that  the  operation  of  properly  laying 
down  these  heavy,  and  yet  delicate,  tor- 
pedoes in  deep  water,  even  in  the  best 
possible  weather,  is  an  operation  requir- 
ing great  nautical  and  engineering  skill 
and  practice.  Yet,  even  after  the  best 
system  of  submarine  mines  has  been  laid 
down,  it  will  be  of  no  use,  unless  an 
enemy's  boats  can  be  kept  from  counter- 
mining, and  unless  the  operating  rooms 
be  furnished  with  the  best  instruments 
and  thoroughly  protected  against  cap- 
ture, by  fortifications,  guns  and  ships. 
It  is  no  uncommon  thing  to  hear  men  of 
intelligence  airily  say,  "  Oh,  in  time  of 
war  we  can  defend  our  harbors  by  torpe- 
does." I  do  not  think  I  am  exaggerat- 
ing when  I  say  it  would  take  a  year  to 
put  the  torpedo  defences  of  our  harbors 
into  proper  shape,  even  if  Congress  were 
to  appropriate  the  money  to-morrow. 
And,  after  that,  a  corps  of  men  would 
have  to  be  formed  and  thoroughly  trained 
in  laying  down  and  taking  up  torpedoes 
and  cables,  making  splices  in  submarine 
cables,  testing  circuits,  managing  elec- 
tric batteries,  etc.,  etc. 

In  order  to  detect  the  presence  of 
torpedoes  in  an  enemy's  harbor,  an  in- 
strument has  been  invented  by  Captain 
McEvoy,  called  the  "  torpedo  detect- 
in  which   the   action   is    somewhat 
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similar  to  that  of  the  induction  bal- 
ance, the  iron  of  a  torpedo  case  hav- 
ing the  effect  of  increasing  the  number 
of  lines  of  force  embraced  by  one  of 
two  opposing  coils,  so  that  the  current 
induced  in  it  overpowers  that  induced  in 
the  other,  and  a  distinct  sound  is  heard 
in  a  telephone  receiver  in  circuit  with 
them.  As  yet,  this  instrument  has  met 
with  little  practical  success,  but,  its  prin- 
ciple being  correct,  we  can  say  with  con- 
siderable confidence  that  the  reason  of 
its  non-success  probably  is  that  the  coils 
and  current  used  are  both  too  small. 

Besides  these  stationary  torpedoes  or 
mines  anchored  in  harbors,  there  is  an- 
other class,  called  spar  torpedoes,  which 
are  carried  on  spars  protruding  from 
ships  or  boats,  and  which  consist,  for  the 
most  part,  of  cases  of  steel  holding  about 
30  pounds  of  gun-cotton,  and  fitted  with 
electric  fuses  similar  to  those  for  explod- 
ing submarine  mines.  The  torpedo  on 
the  end  of  the  spar  is  connected  by  in- 
sulated wires  with  an  electric  battery  in 
the  boat  or  ship,  and  it  is  designed  to  be 
shoved  under  a  hostile  ship  by  a  deter- 
mined effort  and  exploded  there.  The 
current  is  sent  through  the  fuse  by  press- 
ing an  electric  key  at  the  proper  moment, 
or  a  simple  automatic  circuit- closer  may  be 
put  inside  the  torpedo,  so  that  when  the 
torpedo  strikes  the  ship  a  break  in  the 
circuit  is  automatically  bridged  over  in 
the  torpedo,  thus  allowing  the  current  to 
heat  the  platinum  wire  in  the  fuse  and 
explode  the  torpedo. 

Still  another  class  of  torpedoes  are 
movable  torpedoes.  These  contain  not 
only  explosive  and  means  for  exploding 
it,  but  also  machinery  for  moving  the 
whole  through  the  water,  and  for  steer- 
ing it.  A  movable  torpedo  is,  therefore, 
really  a  torpedo  boat  and  torpedo  com- 
bined. In  one  class  of  movable  torpe- 
does, such  as  the  Lay  torpedo,  the  motive 
power  is  usually  carbonic  acid  gas  or 
compressed  air,  the  steering  and  firing 
being  done  by  electricity.  One  wire  usu- 
ally suffices,  a  simple  step-by-step  device 
accomplishing  the  operation  of  sending 
the  current  through  different  circuits  in 
the  boat,  the  current  through  one  circuit 
causing  the  throttle  of  the  engine  to 
open,  the  current  through  another  caus- 
ing it  to  close,  another  putting  the  helm 
to  starboard,  another  putting  the  helm 
to  port,  another  firing  the   torpedo,  &c. 


Therefore  the  operator  on  shore  or  on 
board  ship  can,  by  moving  his  switch  in 
the  proper  manner,  cause  the  torpedo 
boat  to  go  ahead,  stop,  turn  to  the  right 
or  left  in  such  a  way  as  to  go  directly  to- 
ward the  object  of  attack  and  then  ex- 
plode in  contact  with  her  bottom. 

In  another  class  of  movable  torpedoes 
the  electric  current  not  only  steers  the 
boat,  but  also  propels  it,  there  being  an 
electric  motor — or  engine — inside,  which, 
when  supplied  with  the  requisite  cur- 
rent from  an  electric  machine  on  shore  or 
on  shipboard,  revolves  rapidly,  thereby 
causing  the  propeller  of  the  boat  to  re- 
volve, in  the  same  way  that  a  steam  en- 
gine causes  the  propeller  of  a  steamboat 
to  revolve.  The  current  for  steering  may 
either  be  sent  along  a  separate  wire, 
which  may  be  inside  the  other  one,  or  a 
device  may  be  used  by  which  one  wire 
will  suffice  for  everything. 

Movable  torpedoes  being  usually  cigar- 
shaped,  so  that  their  section  is  circular, 
or  nearly  so,  the  electro -motor  for  an 
electric  movable  torpedo  which  will  most 
nearly  fit  the  space  intended  for  it — in 
other  words,  the  shape  which  permits 
the  largest  size  for  a  given  space — is 
clearly  one  in  which  the  distance  from 
the  center  of  the  armature  to  the  outside 
|  of  the  magnets  is  constant,  so  that  the 
j  field  magnets  form  nearly  a  circle  embrac- 
I  ing  the  armature.  The  exterior  form  of 
the  motor  called  the  Griscom  motor  evi- 
dently seems  to  fulfill  this  condition 
well.  The  most  successful  movable  elec- 
tric torpedo  thus  far  tried  is  the  Sims 
torpedo,  with  which  experiments  have 
baen  conducted  under  Gen.  Abbot's  su- 
perintendence for  some  time,  and  with 
I  very  good  results.  Now,  as  all  men-of- 
war  and  all  forts  are  to  ba  supplied  with 
means  for  generating  electricity  on  a 
large  scale,  it  is  clear  that  an  electric 
movable  torpedo  can  be  easily  adapted  to 
naval  and  military  requirements,  the 
mechanism  of  the  torpedo  being  exceed- 
ingly simple,  and  the  only  thing  to  be 
done  to  put  it  into  operation  being  to 
connect  it  to  a  suitable  electric  machine, 
and  introduce  a  keyboard,  by  which  the 
direction  and  strength  of  the  current  can 
be  controlled.  The  torpedo  will  then  be 
ready  to  move  at  any  instant,  and  will 
have  a  supply  of  power  practically  in- 
exhaustible. 

Kecent  experiments  in  England  have 
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shown  that  the  Whitehead  torpedo — over 
which  control  ceases  after  it  is  fired — is 
not  so  formidable  a  weapon  when  fired 
at  a  ship  under  way  as  many  supposed, 
for  the  simple  reason  that  it  can  be 
dodged.  Now,  an  electrical  torpedo, 
over  which  control  is  exercised  while  it 
is  in  motion  through  the  water,  cannot 
be  dodged,  provided  it  be  given  sufficient 
speed.  For  effective  work  against  ships 
capable  of  steaming  fifteen  knots  per 
hour,  the  torpedo  should  have  a  speed  of 
twenty  knots.  Now,  there  is  no  theoreti- 
cal difficulty  in  the  way  of  doing  this, 
for  a  speed  of  11  knots  has  already  been 
recorded,  though  an  electric  torpedo,  to 
get  this  speed,  would  have  to  be  larger 
than  a  Whitehead  having  the  same  speed ; 
and  it  may  be  conceived  that  a  torpedo 
carrying,  say,  50  lbs.  of  gun-cotton,  capa- 
ble of  going  20  knots  per  hour— so  that 
it  would  pass  over  a  distance  of  500 
yards  in  about  45  seconds,  and  yet  be  ab- 
solutely under  control  all  the  time,  so 
that  it  can  be  constantly  kept  pointed  at 
its  target — would  be  a  very  unpleasant 
thing  for  an  enemy  to  meet. 

Our  civil  war  introduced  another  use 
of  electricity  into  warfare,  and  gave  birth 
to  the  art  of  military  telegraphy.  At  first, 
the  telegraph  was  used  only  in  com- 
municating along  the  regular  telegraph 
routes,  but  eventually  a  corps  of  military 
telegraphers  was  formed,  and  instant 
communication  became  possible  between 
detachments  in  the  field.  The  advantages 
of  the  telegraph  in  conveying  information 
and  orders  with  dispatch  was  found  to 
be  so  great  that  foreign  nations  took  the 
hint,  and  to-day  a  telegraph  train  is  essen- 
tial to  all  armies.  No  well-equipped 
force  in  the  world  is  without  means  for 
rapidly  connecting  by  the  telegraph  dif- 
ferent headquarters  witv  each  other,  and 
with  the  different  parts  of  an  army ;  and 
in  the  Franco-Prussian  war  it  was  the 
telegraph,  combined  with  the  railroad, 
which  made  possible  that  wonderful 
speed  and  certainty  of  mobilization  and 
manoeuvre  that  caused  the  swift  destruc- 
tion of  the  armies  of  France. 

In  military  telegraph  trains,  miles  of 
wire  are  carried  on  reels  in  specially  con- 
structed wagons,  which  carry  also  batter- 
ies and  instruments,  some  of  the  wire  be- 
ing insulated,  so  that  it  can  rest  on  the 
ground,  and  thus  be  laid  out  with  great 
speed ;  while  other  wire  is  bare,  and  is 


intended  to  be  put  on  poles,  trees,  etc., 
For  mountain  service^  the  wires  and  imple- 
ments are  carried  by  pack  animals.  Regu- 
larly trained  men  are  employed,  and  they 
are  drilled  in  quickly  running  lines,  set- 
ting up  temporary  stations,  etc.  In  the 
recent  English  operations  in  Egypt  the 
advance  guard  always  kept  in  telegraphic 
communication  with  headquarters,  and 
with  England ;  and  after  the  battle  of 
Tel-el-Kebir,  news  of  the  victory  was 
telegraphed  to  the  Queen  and  her  answer 
received  in  forty-five  minutes. 

The  telephone,  also,  has  been  used  in 
military  operations,  and  with  great  suc- 
cess ;  having  an  evident  superiority  over 
the  telegraph  for  some  purposes.  One 
use  of  the  telephone,  in  fact,  is  to  assist 
the  telegraph  in  cases  where  by  reason 
of  the  haste  with  which  a  line  has  been 
run,  the  current  leaks  off,  so  that  the  re- 
ceiving instrument  will  not  work.  The 
only  thing  necessary  is  to  use  a  telephone 
to  receive  the  message,  and  to  use  as 
a  transmitter  a  simple  buzzer,  or  auto- 
matic circuit  breaker,  controlled  by  an 
ordinary  key.  In  many  cases,  where  the 
ordinary  receiving  telegraph  instrument 
refuses  to  work,  the  more  delicate  tele- 
phone thus  used  will  work  very  satisfac- 
torily. 

In  endeavoring  to  use  the  telegraph 
and  telephone  for  strictly  naval  purposes 
between  ships,  a  number  of  obstacles 
have  been  met  which  have  not  yet  been 
overcome,  though  many  ingenious  devices 
have  been  attempted.  It  might  seem  at 
first  sight  as  if,  in  the  case  of  ships  at 
anchor,  telegraphic  and  telephonic  com- 
munication among  the  ships  and  between 
the  ships  and  shore  would  be  an  easy 
thing  to  establish.  It  is  easy,  and  it  has 
been  established  in  the  case  of  ships 
moored  so  that  they  cannot  swing  ;  but 
when  a  ship  swings  by  a  long  chain,  most 
of  which  is  embedded  in  the  mud,  it  be- 
comes very  difficult  to  devise  an  auto- 
matic means  to  keep  the  wire  from  being 
fouled  and  broken. 

In  England,  in  the  case  of  lightships, 
the  difficulty  has  been  surmounted,  or 
rather  avoided,  by  making  the  cable  by 
which  she  rides  hollow,  and  running  an 
insulated  wire  along  the  long  tube  thus 
formed  inside.  This  plan  has  been  found 
thus  far  to  work  very  well,  even  in  the 
worst  sort  of  weather. 

But   the   problem   is  much  simplified 
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when  temporary  communication  only  is 
desired  between  ships  at  anchor,  between 
a  ship  and  the  shore,  or  between  a  ship 
and  a  boat  which  has  been  sent  off  on 
some  special  service,  such  as  reconnoiter- 
ing,  sounding,  etc.  In  this  case,  portable 
telephones  are  used,  in  which  the  wire  is 
so  placed  on  a  reel  in  circuit  with  the 
telephone,  that  communication  is  pre- 
served, even  while  the  wire  is  running  off 
the  reel. 

The  telephone  has  been  used  to  some 
extent  on  shipboard  for  communicat- 
ing between  different  parts  of  the  same 
ship,  giving  orders  to  the  magazines, 
battery,  etc.  The  vibration  of  a  ship  is 
seldom  so  excessive  as  to  impair  the  work- 
ing of  the  microphone  transmitter  ;  and, 
in  cases  where  it  is  excessive,  the  original 
magneto- transmitter  has  been  found  to 
work  perfectly,  getting  rid  entirely  of 
trouble  due  to  vibration,  and  at  the  cost 
of  only  a  little  of  the  loudness  of  tone  as 
heard  in  the  receiver. 

The  telegraph  and  telephone  are  both 
coming  largely  into  use  in  artillery  ex- 
periments and  drills,  as  in  tracking  a 
vessel  as  she  comes  up  a  channel,  so  that 
her  exact  position  at  each  instant  is 
known,  in  determining  the  spot  of  fall 
of  a  projectile,  etc.  In  these  cases,  two 
observers,  at  the  ends  of  a  base  line  elec- 
trically connected,  know  at  each  instant 
the  bearing  of  the  vessel  or  the  projectile 
from  both  ends  of  the  base  line,  and  the 
intersection  of  these  lines  of  bearing  is, 
of  course,  the  position  of  the  vessel  or 
the  projectile  at  that  instant.  In  the 
case  of  a  vessel,  this  gives  the  range  for 
the  guns,  and  in  the  case  of  a  projectile,  it 
shows  by  how  much  the  projectile  missed 
the  target.  In  getting  the  time  of  flight, 
also,  of  projectiles,  electricity  is  of  value, 
since  it  enables  the  observers  to  get  the 
exact  time  of  start,  a  thing  impossible  to 
get  with  stop  watches  ;  but  by  making 
the  projectile  break  a  wire  in  circuit  with 
a  chronograph,  the  precise  instant  of 
start,  to  a  thousandth  of  a  second  at 
least,  is  automatically  registered. 

An  application  of  electricity,  somewhat 
analogous  to  this,  has  been  in  use  for 
years  in  what  are  broadly  called  veloci- 
meters,  that  is,  instruments  for  ascertain- 
ing the  velocity  of  projectiles.  There 
are  scores  of  patterns,  but  in  all  wires 
are  cut  by  the  projectile  at  different 
points  of  its  flight,  and  the  breaking  of 


each  wire  causes  the  breaking  of  the  elec- 
tric current  going  through  it,  and  this 
causes  the  appearance  of  marks  on  a  sur- 
face moving  along  at  a  known  speed. 
Now,  knowing  the  rate  at  which  this  sur- 
face moves,  and  observing  the  distance 
on  the  surface  between  the  marks  caused 
by  the  breaking  of  the  first  wire  and  the 
marks  caused  by  the  breaking  of  the  sec- 
ond wire,  we  can  compute  the  interval  of 
time  which  elapsed  between  breaking  of 
the  two  wires ;  and  now,  knowing  this 
interval  of  time,  and  knowing  also  the 
distance  between  the  two  wires,  we  can 
calculate  at  once  the  velocity  of  the  pro- 
jectile in  going  from  one  wire  to  the 
other. 

Within  the  past  few  years,  electricity 
has  come  to  be  employed  to  a  great  and 
increasing  extent  in  firing  great  guns, 
both  on  ships  and  in  forts. 

In  the  case  of  ships  the  advantage  of 
electrical  firing  lies  in  the  fact  that  a  gun 
can  be  fired  more  quickly  by  electricity 
than  by  other  means.  The  ordinary 
means  of  firing  are,  as  is  well  known, 
percussion  and  friction,  and  in  each  of 
these  systems  the  moving  parts  have  to 
be  of  such  strength  that  considerable 
force  must  be  exerted  by  the  arm,  in 
order  to  operate  them.  Moreover,  for 
prudential  reasons,  the  line  leading  to 
them  from  the  hand  must  be  kept  very 
slack,  lest  a  lurch  of  the  ship  should 
cause  such  a  movement  of  the  man's  body 
as  to  bring  a  strain  on  the  line  sufficient 
to  cause  the  accidental  firing  of  the  gun. 
Therefore,  when  the  gun  captain  finds 
the  sights  on  the  gun  bear  on  the  target 
he  must  then  move  his  arm  through  a 
considerable  distance,  and  exert  consider- 
able force,  before  the  gun  will  be  fired. 
It  may  seem  as  if  the  time  were  insig- 
nificant, but  when  it  is  considered  how 
rapidly  a  ship  rolls,  and  how  swiftly  a 
modern  ship  moves,  and  when  it  is  re- 
membered how  small  an  error  in  elevation 
suffices  to  make  a  projectile  fall  short  of, 
or  go  over,  a  ship  which  subtends  a  very 
small  angle  in  a  vertical  plane,  it  will  be 
seen  that  a  fire  which  comes  instantane- 
ously with  the  coincidence  of  sights  and 
target,  is  better  than  one  which  does  not. 
Now,  in  firing  by  electricity,  the  gun  cap- 
tain holds  a  sort  of  push-button  in  'his 
hand,  which  he  simply  presses,  when  the 
sights  bear  on  the  target ;  and  practical 
experiments   abroad    have    shown    that 
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greater  accuracy  is  attainable  by  this 
method  than  is  attainable  by  the  old 
methods. 

But  not  only  are  modern  vessels  of 
war  fitted  with  means  for  electrically 
firing  individual  guns,  they  are  also  fitted 
with  means  for  firing  any  desired  number 
together,  the  whole  broadside  even ;  for 
the  effect  upon  an  enemy  of  a  blow  from 
a  whole  broadside  at  once,  is  very  much 
greater  than  the  effect  of  the  same  num- 
ber of  guns  fired  at  different  times. 
The  simplest  way  of  doing  this  is  to  lead 
the  electrical  wires  from  all  the  guns  to 
an  armored  fighting  tower,  where  a  cool 
officer,  under  the  personal  direction  of 
the  commander,  with  an  electrical  key- 
board and  a  good  system  of  sights,  can 
deliver  the  whole  fire  of  the  broadside  at 
once  upon  an  enemy.  This  officer  being- 
clear  of  the  smoke  and  away  from  the 
excitement  and  bustle  of  the  battery,  and 
with  a  view  of  the  whole  horizon,  can 
clearly  handle  the  battery  with  its  maxi- 
mum effectiveness ;  and,  moreover,  as 
soon  as  the  guns  have  been  laid  at  the 
range  and  in  the  direction  at  which  it  is 
intended  to  fire  them,  the  men  can  lie 
down  and  be  protected  in  a  measure  from 
the  murderous  fire  of  machine  guns. 
Suppose  that  two  modern  ships  are  about 
to  engage  in  a  naval  duel  on  the  high 
seas,  and  that  they  are  advancing  towards 
each  other  at  a  speed  of  14  knots  an  hour 
each,  so  that  they  are  coming  together  at 
a  rate  of  about  46  feet  per  second.  The 
ships  will,  of  course,  begin  to  play  on 
each  other  with  their  machine  guns  as 
soon  as  they  get  within  range,  so  that  as 
soon  as  the  great  guns  are  ready,  the 
men  had  best  be  made  to  lie  down  on  the 
deck,  in  rear  of  their  guns.  Now,  the 
battery  of  each  ship  will  probably  be  com- 
posed of  guns  firing  projectiles  of  from 
100  to  1,000  lbs.,  and  each  commander, 
knowing  how  much  damage  can  be  done 
by  one  well-delivered  shot,  knowing  how 
long  it  takes  to  reload  a  modern  gun,  and 
appreciating  the  great  speed  at  which  the 
ships  are  approaching,  will  probably  re- 
serve his  fire  until  sure  that  he  has  a 
good  chance  of  making  every  shot  tell. 
He  will  hardly  fire  at  2,000  yards  range, 
knowing  that  his  chance  of  hitting  the 
rapidly  moving  target  is  small,  and  know- 
ing that  it  will  be  only  about  one  minute 
before  the  enemy  will  be  at  1,000  yards 
range.     Now,  at  1,000  yards  range,  the 


machine  guns  of  both  ships  will  be  work- 
ing vigorously,  and  each  ship  will  have 
an  excellent  target,  but  a  target  improv- 
ing so  rapidly  that  a  commander  would 
not  wish  to  throw  away  all  the  shot  of 
bis  great  guns  until  a  closer  range  is 
reached.  ,  One  gun,  for  instance,  might 
be  fired  now,  having  been  previously  laid 
for  this  range,  of  course ;  but  probably 
it  would  be  best  to  reserve  nearly  the 
whole  broadside  to  be  delivered  simul- 
taneously as  the  ships  rush  by  each  other, 
at  pretty  close  range.  With  the  heavy 
guns  and  carriages  of  the  present  day,  it 
would  be  impracticable  to  keep  a  gun 
pointing  at  a  ship  under  these  circum- 
stances, since  both  range  and  bearing  are 
changing  so  rapidly.  Therefore,  the  guns 
must  be  pointed  in  certain  directions  and 
laid  for  certain  ranges,  and  fired  when 
the  enemy  reaches  the  spots  thus  de- 
fined. 

In  the  case  of  a  fort,  the  value  of  firing 
by  electricity  is  evident,  since  it  can 
be  employed  in  connection  with  the  in- 
struments used  for  determining  at  each 
instant  the  position  of  an  approaching 
vessel  or  army.  Different  guns  being 
laid  at  different  ranges  and  in  different 
directions,  an  officer  in  the  operating 
rooms  can  keep  track  of  the  exact  position 
of  the  enemy,  and  when  the  enemy  reaches 
one  of  the  predetermined  points,  all  he 
has  to  do  is  to  touch  an  electric  key  and 
fire  the  gun  or  guns  controlled  by  that 
key,  knowing  that  those  guns  are  not 
only  pointed  in  the  proper  direction,  but 
also  are  elevated  for  the  correct  range. 
It  would  seem  difficult  to  improve  upon 
the  accuracy  obtainable  by  this  method. 

Whitehead  torpedoes  are  now  so  ar- 
ranged that  they  can  be  ejected  by  press- 
ing an  electric  button;  and  the  firing 
keyboard  in  the  fighting  tower  of  a  ship 
indicates  at  any  instant  what  guns  and 
torpedoes  are  ready  for  firing.  The  fight- 
ing tower  should  also  be  fitted  with  en- 
gine and  steering  telegraphs,  and  indi- 
cators for  showing  whether  the  com- 
mander's orders  to  the  engine  and  steer- 
ing apparatus  have  been  understood  and 
executed,  so  that  the  commander  can  tell 
at  a  glance  the  exact  state  of  affairs  at 
battery,  engine,  and  steering  apparatus, 
and  can  have  all  the  separate  departments 
of  his  ship  under  absolute  personal  con- 
trol. 

Within  the  past  three  years,  the  supe- 
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riority  of  the  incandescent  electric  light 
over  all  other  lights  for  ship  use  has  be- 
come more  and  more  evident,  and  nearly 
all  first  -  class  merchant  steamships 
launched,  and  all  men-of-war,  are  fitted 
with  electric  lights.  In  men-of-war,  this 
light  has  even  more  advantages  than  in 
merchant  ships,  by  reason  of  its  safety  in 
illuminating  magazines,  shell  rooms,  tor- 
pedo storerooms,  etc.,  and  the  ease  and 
speed  with  which  it  can  be  used  in  signal- 
ing at  night. 

For  some  time  the  electric  light  was 
declared  unsuitable  for  naval  use,  the 
reason  being  urged  that  if  the  wire  carry- 
ing the  current  should  be  shot  away  in 
action,  the  whole  ship  would  be  plunged 
into  darkness,  and  that  the  same  thing 
would  happen  if  any  accident  should  befal 
the  dynamo  generating  the  current.  The 
answer  to  this  very  sensible  criticism 
is  that — 1st :  different  circuits  must  be 
arranged  for  different  parts  of  the  ship, 
so  that  an  accident  in  any  part  of  the  ship 
will  affect  that  part  only ;  2d  :  that  the 
wires  carrying  the  current  must  be  ar- 
ranged in  duplicate,  so  that  even  in  case 
one  wire  is  shot  away,  the  lights  will  burn 
as  brightly  as  ever,  since  the  other  wire 
remains,  and  is  of  sufficient  size  to  carry 
all  the  current ;  3d :  it  is  very  easy  to 
repair  a  break  in  a  copper  wire,  even  if  it 
be  shot  away,  the  only  thing  necessary 
being  to  bridge  over  the  break  by  a  wire 
a  few  inches  long,  whose  ends  can  be 
clamped,  spliced,  or  even  twisted  on  to 
the  broken  conductor  on  each  side  of  the 
break.  As  to  the  danger  to  be  feared 
from  accident  to  the  dynamo  and  engine, 
this  can  be  guarded  against  in  two  ways — 
1st :  by  placing  the  dynamos  and  engines 
in  a  place  as  well  protected  as  that  occu- 
pied by  the  main  boilers  and  engines  of 
the  ship,  preferably  near  the  engines,  be- 
low the  water  line,  and  under  a  protective 
deck,  and  this  place  should  be  provided 
in  laying  down  the  original  plans  of  the 
ship ;  2d :  by  not  placing  dependence 
on  one  dynamo  and  engine  alone,  but  by 
dividing  the  total  work  among  three  or 
four,  so  that  in  case  of  accident  to  one, 
the  ship  will  have  the  benefit  of  all  the 
others.  To  this  end,  all  the  dynamos 
should,  of  course,  be  of  the  same  electro- 
motive force,  and  feed  into  the  same 
mains,  from  which  all  lamps  draw  their 
supply,  and  which  are  fed  by  feeders 
from    the    dynamos    at    different  points, 


so  that  accident  to  the  mains  in  one 
part  of  the  ship  will  affect  that  part 
only. 

But  it  is  the  arc  light,  used  as  what  is 
called  a  search  light,  that  is  most  valuable 
in  warfare  ;  a  search  light  being  simply  a 
very  powerful  arc  light,  so  arranged  with 
a  catadioptric  mirror,  that  it  throws  out 
a  very  concentrated  beam  of  light,  and 
so  mounted  that  this  light  can  be  cast  in 
any  desired  direction,  and  made  to  illu- 
minate any  locality  which  it  is  desin  d  to 
inspect.  I  believe  the  first  use  made  of 
search  lights  was  in  the  siege  of  Paris  in 
the  Franco-Prussian  war,  when  the  French 
employed  them  to  discover  the  operations 
of  the  besieging  army  at  night.  Their 
value,  from  a  military  point  of  view,  was 
so  evident  that  other  nations  took  the 
hint  and  introduced  them  into  their  mili- 
tary and  naval  services.  Since  then,  their 
use  has  been  extending,  more  probably 
for  ship  use  than  for  use  on  shore,  though 
they  are  also  employed  considerably  in 
forts  guarding  the  approach  to  harbors, 
to  watch  for  the  approach  of  hostile 
fleets,  torpedo  boats,  or  countermining 
expeditions  at  night. 

For  the  use  of  an  army  in  the  field, 
search  lights  are  mounted  on  suitable 
wagons,  together  with  portable  boilers 
and  engines,  so  that  they  can  be  taken 
on  the  march,  moved  to  any  part  of  the 
field,  the  top  of  a  hill  for  instance,  and 
employed  at  night  whenever  desired.  It 
is  clear  that  a  search  light  might  often 
be  very  useful  in  doing  such  work  as 
searching  for  wounded  after  a  battle,  ex- 
amining the  nature  of  the  ground  in  a 
comparatively  unknown  country,  watch- 
ing the  enemy  when  a  surprise  might  be 
anticipated,  guarding  against  a  sortie 
from  a  beleaguered  fort  or  city,  etc.,  on 
many  occasions,  in  fact,  when  the  dark- 
ness of  the  night  might  be  a  hindrance  to 
the  operations  of  an  army  or  an  element 
of  insecurity. 

On  board  men-of-war,  the  principal 
use  of  the  search  light  has  been  in  watch- 
ing for  the  attack  of  torpedo  boats  ;  but 
the  experiments  in  Bantry  Bay  last  July 
showed  that  it  was  often  useful  in  detect- 
ing the  approach  of  hostile  ships,  in  aid- 
ing the  sighting  of  guns  at  night  by 
bringing  the  target  out  clearly,  and  in 
embarrassing  the  operations  of  a  torpedo 
boat  or  ship  in  trying  to  force  a  passage 
up  a  channel,  by  dazzling  the  eyes  of  the 


480 


VATST  nostkand's  engineeking  magazine. 


enemy  one  instant  and  leaving  them  in 
total  darkness  the  next. 

It  was  related  that  in  Africa  some  three 
years  ago  an  attack  on  a  fort  was  frus- 
trated by  a  single  search  light.  The 
barbarians  advanced  to  the  assault  brave 
and  determined,  under  cover  of  darkness, 
but  were  suddenly  terrified  by  finding 
themselves  enveloped  in  an  awful  and 
miraculous  light  which  turned  night  into 
day.  Halting  for  an  instant,  they  covered 
their  eyes  to  shield  them  from  its  daz- 
zling whiteness,  then  suddenly  turned  and 
fled  in  panic. 

But  even  had  they  not  been  barbarians, 
even  had  they  been  trained  soldiers  of  a 
highly  civilized  people,  how  bewildered 
they  would  have  been  to  find  themselves 
suddenly  in  such  a  brilliant  light  that 
their  eyes  were  blinded  so  that  they 
could  not  see  to  pick  their  way  ;  and 
then,  in  a  few  seconds,  just  as  the  pupils 
of  their  eyes  had  contracted  under  the 
iDfluence  of  the  light,  to  find  themselves 
suddenly  in  total  darkness ! 

Such  alternations  of  dazzling  light  and 
black  darkness  would  render  the  march 
of  an  attacking  force  over  a  broken  coun- 
try toward  a  fort  a  very  difficult  under- 
taking, for  it  should  not  be  forgotten 
how  dependent  we  are  upon  our  eyes,  for 
our  most  simple  actions,  and  how  much 
our  eyes  assist  us,  even  in  the  dark. 

It  may  be  pointed  out  here,  that  the 
search  light,  like  all  other  military  instru- 
ments, must  be  used  with  judgment.  It 
should  not  be  used,  for  instance,  when  it  is 
important  to  keep  your  position  secret 
from  the  enemy,  unless  the  advantages  of 
observing  him  outweigh  the  disadvantage 
of  disclosing  your  own  position,  or  un- 
less you  can  immediately  extinguish  your 
light,  and  change  your  position.  In  order 
to  use  the  search  light  effectively  on 
board  ship,  there  should  be  four  on  each 
side  of  ship. 

Search  lamps  are  of  much  higher  power 
than  any  other  lamps  that  have  ever  been 
made,  and  the  effect  of  the  white  cylinder 
of  light,  as  it  touches  up  the  different 
points  of  the  land  or  sea  over  which  it  is 
made  to  rapidly  pass,  is  striking  and 
beautiful  in  the  extreme.  The  people  of 
Philadelphia  may  remember  the  naval 
search  light  with  which  I  used  to  illumi- 
nate the  city  last  autumn,  and  do  not 
have  to  be  assured  of  its  power  and 
beauty.     The  best  idea  that  I  got  of  its 


illuminating  effect  was  got  one  night 
when  I  went  to  the  tower  of  the  Pennsyl- 
vania Railroad  depot,  and  watched  the 
light  stationed  at  the  Electrical  Exhibi- 
tion building  on  Thirty-second  street. 
The  ray  of  light,  when  turned  at  right 
angles  to  my  direction,  looked  like  a  sil- 
ver arrow  going  through  the  sky,  and 
when  it  was  turned  on  me,  I  could  read 
the  fine  print  of  a  railroad  time-table  at 
arms'  length. 

For  signaling  at  night,  incandescent 
lights  and  search  lights  have  both  beeD 
used,  the  search  lights  being  employed 
to  reach  long  distances,  or  to  reach 
points  hidden  by  hills  or  other  interven- 
ing objects.  In  using  the  search  light 
in  this  case,  the  beam  is  thrown  into  the 
sky,  and  signals  are  made  by  showing 
long  and  short  flashes,  or  by  interrupting 
the  beam  in  accordance  with  any  precon- 
certed code.  Flashes  from  the  search 
light  which  I  had  at  the  Electrical  Exhi- 
bition last  autumn  were  seen  from  a  dis- 
tance of  thirty  miles. 

In  using  incandescent  lamps  for  night 
signaling,  the  simplest  way  is  to  arrange 
a  keyboard  with  keys  marked  with  cer- 
tain numbers,  indicating  the  numbers  of 
lamps  arranged  in  a  prominent  position, 
which  will  burn  while  that  key  is  being 
pressed.  If  it  be  desired  to  signal  the 
number  5348,  for  instance,  meaning,  let 
us  suppose,  "  Prepare  to  receive  a  tor- 
pedo attack,"  it  is  only  necessary  to  press 
in  succession  keys  marked  5,  3,  4,  and  8, 
and  the  light  of  5,  3,  4,  and  8  lamps  will 
successively  blaze  out  and  expire.  Other 
codes,  of  course,  can  be  used  ;  the  Morse 
code,  for  instance,  in  which  a  dash  can  be 
denoted  by  two  lamps  and  a  dot  by  one. 
One  lamp  could,  of  course,  be  used,  the 
dot  being  denoted  by  a  short  flash  and  a 
dash  by  a  long  flash  ;  but  it  is  found  best, 
practically,  not  to  use  time  intervals  in 
optical  telegraphy. 

Electric  lights  have  been  used  consider- 
ably of  late  in  photographing  the  bores 
of  great  guns.  Views  can  be  thus  ob- 
tained of  any  part  of  the  bore,  showing 
whether  the  gun  has  been  accurately 
bored  and  rifled,  and  showing  how  the 
metal  is  standing  the  erosion  of  the  pow- 
der gases. 

One  of  the  needs  arising  in  modern 
warfare  is  means  for  handling  heavy  ord- 
nance with  speed  and  precision,  and  for 
bringing    up   ammunition.      Guns,    car- 
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riages,  and  ammunition  have  increased 
so  much  in  weight,  that  it  has  become 
more  difficult  to  handle  them  quickly 
than  it  used  to  be,  and  yet  the  speed  of 
ships  has  so  increased  that  there  is  more 
necessity  for  handling  them  quickly. 
The  electric  motor  will  certainly  be  used 
for  handling  ordnance  on  board  ships  not 
very  heavily  plated  with  armor,  for  it  is 
clear  that  a  small  wire  is  a  much  more 
convenient  way  of  conveying  energy  to  a 
motor  of  any  kind,  and  is  much  less  liable 
to  injury  in  action  than  a  comparatively 
large  pipe  for  conveying  steam,  com- 
pressed air,  or  water  under  pressure ; 
and,  besides,  the  electric  motor  is  the 
ideal  engine  for  work  on  board  ship, 
by  reason  of  its  smooth  and  silent  mo- 
tion, its  freedom  from  dirt  and  grease, 
the  readiness  with  which  it  can  be 
started,  stopped  and  reversed,  and  its 
high  efficiency. 

In  forts,  Col.  Hamilton,  U.  S.  A.,  says 
that  heavy  guns  must  be  worked  by 
dynamo-electric  machinery,  since  some 
other  power  than  manual  power  must  be 
employed,  and  since  electricity  is  better 
than  steam,  compressed  air,  or  water  un- 
der pressure,  because  it  can  be  conveyed 
from  a  central  source  by  a  single  wire. 
Now,  in  forts,  it  is  clear  that  the  dyna- 
mos for  search  lights  and  incandescent 
lights,  and  for  generating  power  for  the 
electric  motors  for  handling  the  guns, 
could  be  placed  in  a  well-protected  spot, 
and  the  wires  leading  therefrom  could  pass 
to  the  guns  through  underground  pipes, 
where  they  would  be  well  protected  from 
projectiles,  and  the  guns  could  be  point- 
ed in  any  desired  direction  with  speed, 
silence  and  precision,  by  the  simple  turn- 
ing of  a  lever  or  the  moving  of  a  switch. 

It  is  probable  that,  in  the  near  future, 
every  man-of-war  and  every  fort  will  be 
fitted  with  a  complete  "  electrical  system," 
well  protected  from  projectiles,  which 
will  include  dynamos  capable  of  supply- 
ing a  very  large  amount  of  electrical  en- 
ergy to  a  system  of  mains,  from  which 
all  the  incandescent  lights,  all  the  search 
lights,  and  all  the  motors  of  different 
sorts  can  draw  the  supply  of  energy  req- 
uisite for  their  needs. 

Electrical  launches  have  been  tried 
abroad  to  some  extent,  and  with  results 
which — though  not  completely  satisfac- 
tory— give  promise  of  success  in  the  fu- 
ture.    These  boats  are  propelled  in  the 


same  way  as  other  boats — that  is,  by  a 
propeller  revolved  by  an  engine — except 
that  the  engine  is  an  electrical,  instead 
of  a  steam  engine.  The  electrical  en- 
gine draws  its  power  from  what  are 
called  storage  batteries  carried  in  the 
boat.  These  storage  batteries  are  first 
charged  by  a  dynamo  ashore  or  on  board 
ship,  and  then  are  capable  of  rendering 
up  to  the  motor  the  electrical  energy 
stored  in  them,  so  that  the  motor  is  made 
to  revolve,  and  thus  cause  the  revolution 
of  the  propeller  and  the  advance  of  the 
boat  through  the  water.  These  electri- 
cal launches  have  carried  hundreds  of 
people,  and  have  made  a  speed  of  about 
eight  knots  per  hour,  and  the  electric  en- 
gine has  worked  perfectly  well ;  but 
there  has  been  considerable  trouble  with 
the  storage  batteries.  Now,  these  stor- 
age batteries  are  improving  every  day, 
and  as  their  defects  do  not  seem  irre- 
mediable, and  as  a  great  number  of  elec- 
tricians are  devoting  study  and  experi- 
ment to  them,  we  may  hope  that  storage 
batteries  will  soon  be  efficient  and  dur- 
able. This  done,  the  electrical  launch 
will  certainly  replace  the  steam  launch  in 
warfare,  by  reason  of  the  quickness  with 
which  an  electrical  launch  can  be  got 
ready,  as  there  are  no  fires  to  be  lighted, 
and,  above  all,  by  reason  of  the  noiseless- 
ness  of  the  electro-motor,  and  of  the  fact 
that  in  an  electrical  launch  no  flame  ever 
flares  up  above  a  smoke  pipe.  With 
steam  torpedo-boats  this  flame  frequently 
betrays  them — that  is,  if  the  noise  of  the 
exhaust  has  not  already  done  so.  In 
using  electrical  launches  in  warfare,  two 
sets  of  storage  batteries  will,  of  course, 
be  necessary,  so  that  one  set  can  be  re- 
placed by  another,  and  used  while  the 
first  set  is  being  recharged. 

A.  novel  application  of  electricity  has 
recently  been  made  in  what  have  been 
named  "  electric  sights."  It  is  well 
known  that  it  is  difficult  to  get  a  sight 
at  an  object  in  the  dark — first,  because 
the  object  itself  cannot  be  distinctly  seen, 
and,  second,  because  the  front  sight  of  the 
gun  cannot  be  distincly  seen.  Now,  Mr. 
Gaston  Trouve  has  recently  invented  an 
electric  sight  no  larger  than  the  ordinary 
front  sight  of  a  musket,  which  consists 
simply  of  a  filament  of  fine  wire  in  a 
glass  tube,  covered  with  metal  on  all 
sides  save  at  the  back.  It  looks  much 
like  an  ordinary  sight,  except  to  a  man 
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looking  along  the  barrel  towards  the 
back  of  the  lamp,  but  a  man  so  look- 
ing sees  a  fine,  incandescent  wire.  The 
battery  is  said  to  be  no  larger  than 
a  man's  finger,  and  to  be  attached  to  the 
barrel  near  the  muzzle  by  simple  rubber 
bands,  so  arranged  that  the  act  of  at- 
taching the  battery  to  the  barrel  auto- 
matically makes  connection  with  the 
sight,  and  so  arranged,  also,  that  the 
liquid  of  the  battery  is  out  of  action  ex- 
cept when  the  musket  is  brought  into  a 
horizontal  position  for  firing. 

To  throw  a  good  light  upon  the  target, 
the  same  inventor  has  devised  a  small 
electric  lamp  and  projector,  which  is 
placed  on  the  barrel  near  the  muzzle  by 
rubber  bands,  the  battery  being  held  at 
the  belt  of  the  marksman,  with  such 
connections  that  the  act  of  pressing  the 
butt  of  the  musket  against  the  shoulder 
completes  the  electric  circuit,  and  causes 
a  bright  cylinder  of  light  to  fall  on  the 
target,  thus  bringing  it  out  into  strong 
relief,  and  enabling  the  marksman  to  get 
as  good  a  shot  as  in  the  daytime. 

An  application  of  electricity  coming 
somewhat  into  use  abroad  in  Continental 
armies  is  in  connection  with  ballooning, 
which  has  received  there  the  benefit  of 
considerable  attention  and  experiment. 
It  is  well  known  to  all  here  that  balloons 
have  been  much  used  for  observing  the 
movements  of  the  enemy  from  a  distance, 
and  now  it  is  reported  that  not  only  have 
balloons  been  successfully  fitted  with 
telephones,  for  communicating  at  once 
to  people  on  the  ground  the  nature  of 
the  information  gathered,  but  also  with 
small  search  lights,  by  which  the  ground 
can  be  illumined  for  a  considerable  dis- 
tance at  night,  and  the  enemy's  manoeu- 
vres discovered.  Incandescent  lamps 
have  also  been  sent  up  in  small,  trans- 
lucent, captive  balloons,  and  under  small, 
ordinary  captive  balloons,  and  signals 
have  been  transmitted  to  a  distance  by 
making  and  breaking  the  current  accord- 
ing to  a  preconcerted  code. 

Yet  another  way  in  which  electricity 
will  undoubtedly  be  used  in  any  future 
war  between  civilized  powers  is  in  sub- 
marine boats,  or  boats  which  go  beneath 
the  surface  of  the  water,  to  attack  ships 
below  the  water  line.  Though  it  cannot 
be  said  that  submarine  boats  have  ever 
yet  been  successful,  still,  submarine  boats 
are  being  improved,  and  men  have  always 


been  found  willing  to  risk  their  lives  in 
them.  Some  have  been  devised  of  late 
years,  in  which  the  propelling  power  is 
electricity  derived  from  storage  batteries. 
In  submarine  diving  the  telephone  has 
been  used  with  success  in  maintaining 
constant  communication  between  the 
diver  and  his  attendants  above  water ; 
and  the  incandescent  lamp,  suitably  pro- 
tected, has  also  been  lowered  into  the 
water  to  light  him  at  his  work.  Subma- 
rine diving  will  certainly  play  a  part  in 
future  wars,  the  diver  descending  to  cut 
an  enemy's  torpedo  cables,  or  to  inspect 
or  repair  damages  to  submarine  mines  or 
to  ships. 

Progress  is   now  beginning   on  what 
have  been   christened  "  electrical  guns," 
in  which  the  cartridge  contains  an  elec- 
tric   fuze,  which  is  ignited  by  pressing 
an  electric  push-button  on  the  gun,  in- 
stead of  containing,  the  ordinary  percus- 
sion primer,  which  is  struck  by  a  hammer 
or  bolt  when  the  trigger  is  pulled.     At 
present   this  invention  has  not   reached 
the  practical  stage,  and  the  necessity  for 
a  battery  to  fire  the  cartridge  is  decidedly 
an  objection.     Yet  we  should  remember 
that   the  battery  required  is  very  small, 
that  it  needs  very  little  care,  and  that  it 
will  last  a  long  time.  We  should  also  note 
that  an  electric  gun  possesses  the  great 
advantage  that  a  better  aim  can  be  got 
with  it  than  with  one  fired  by  a  trigger- 
hammer,  for   the   reason   that  the   hard 
pull  of  a  trigger  causes  a  movement  of 
the  barrel,  except   in  the   hands  of   the 
most    highly-skilled    marksman.      Now, 
this   hard  pull  of  the  trigger   is   a  ne- 
cessity, since  the  hammer  or  bolt  must 
have  considerable  mass  in  order  that   it 
may   be    strong    enough   to    strike    the 
primer  with  sufficient  force  to  explode  it, 
and    having  considerable   mass,  it  must 
have,  necessarily,  considerable  inertia,  so 
that  it  needs  a   deep  notch   in  order  to 
hold  it  firm  at  full  cock  when  jarred,  and 
this  deep  notch  necessitates  a  strong  pull 
on  the  trigger.     But  with  an  electric  gun 
the    circuit-closing   parts    can   be    very 
small  and  light,  and   can  be  put  into  a 
recess  in  the  butt  of  the  gun  out  of  the 
way  of  chance  blows,  so  that  when  it  is 
desired  to  fire,  a  very  light  pressure  of 
the  finger  is  all  that  is  needed,  and  yet 
from  the  small  inertia  of  the  parts,  a  sud- 
den shock  will  not  cause  accidental  clos- 
ing of  the  circuit  and  firing  of  the  gun. 
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We  have  now  taken  a  running  survey 
of  the  uses  of  electricity  in  war,  and  we 
find  that  they  include  nearly  all  the  uses 
to  which  electricity  can  be  put.  Warfare 
now  means  more  than  the  mere  handling 
and  provisioning  of  troops  and  ships  ; 
it  means,  in  addition,  the  intelligent  em- 
ployment of  scientific  instruments.  Par- 
ticularly is  this  the  case  with  naval  war- 
fare, for  a  modern  ship,  considered  as  a 
whole,  is,  in  itself,  the  most  elaborate, 
complicated,  and  powerful  machine  ex- 
isting. 

Science  has  made  warfare  a  greater 
thing  than  scientists  themselves  fore- 
saw, for  it  has  put  into  the  hands  of  our 
naval  and  military  commanders  weapons 
surpassing  in  power  and  length  of  reach 


the  fabled  weapons  of  mythology.  Yet 
our  wonder  and  admiration  at  what  has 
been  accomplished  pale  before  our  won- 
der and  admiration  at  what  will  surely 
be  accomplished.  Progress  is  marching 
with  rapid  steps.  Looking  forward  to 
the  future  with  the  light  the  past  af- 
fords us,  we  see  the  promise  of  great 
things  to  come.  Let  us  welcome  each 
new  triumph  of  the  discoverer  and  in- 
ventor, and  take  advantage  of  every  re- 
source that  science  can  suggest.  War 
is  a  sad  necessity,  but  it  comes  seldom 
to  a  nation  known  to  be  prepared.  Let 
us  thoroughly  prepare  ourselves.  Then, 
if  war  does  unfortunately  come,  we  need 
not  fear  the  issue. 


THE  FORTH  BRIDGE.* 

From  "Iron." 
By  B.  Baker,  M.  I.  C.  E. 


The  North  British  Railway  Company 
for  many  years  have  striven  hard  to  ob- 
tain a  physical  connection  of  their  lines 
north  and  south  of  the  Forth  by  means 
of  a  bridge.  Twenty  years  ago  they  were 
authorized  by  Act  of  Parliament  to  build 
a  bridge  across  the  Forth  at  a  point  five 
miles  above  the  site  now  under  construc- 
tion, but  borings  120  feet  in  depth 
showed  nothing  but  soft  silt  and  mud, 
and  the  bridge,  which  was  to  have  been 
two  miles  in  length,  inclusive  of  the  four 
spans  of  500  feet  each,  was  luckily  aban- 
doned, as  the  difficulties  with  the  founda- 
tions would  have  proved  practically  in- 
superable. In  1873  another  Act  was 
passed  for  a  bridge  across  a  narrower  and 
deeper  part  of  the  Forth  at  Queensferry. 
At  low  water  the  width  of  the  channel 
there  is  about  4,000  feet ;  and  the  island 
of  Inchgarvie  affording  a  foundation  for 
a  central  pier,  it  was  possible  to  cross  the 
200  feet  cfeep  portion  of  the  sea-way  by  a 
couple  of  spans  from  1,600  feet  to  1,700 
feet  each  in  the  clear.  Sir  Thomas  Bouch 
prepared  a  design  for  this  bridge  on  the 
suspension  principle,  with  towers  665 
feet  in  height  from  base  to  summit,  and 
the  contract  for  its  construction  was  let 
to  Mr.  Arrol.     Owing  to  the  subsequent 

*  Read  at  the  meeting  of  the  British  Association. 


fall  of  the  Tay  Bridge,  public  confidence 
in  Sir  Thomas  Bouch's  design  was  shaken, 
and  in  session  1881  a  Bill  for  the  aban- 
donment of  the  Forth  Bridge  was  pro- 
ceeded with.  Whilst  in  committee,  the 
different  companies  interested,  namely, 
the  North  British,  Great  Northern,  North- 
Eastern,  and  Midland  Railway  companies, 
ordered  a  final  reference  of  the  whole 
question  to  their  respective  consulting 
engineers,  with  the  result  that  the  aban- 
donment bill  was  dropped,  and  the  de- 
sign for  the  cantilever  or  continuous 
girder  bridge,  prepared  by  Mr.  Fowler 
and  myself,  in  consultation  with  Mr. 
Harrison  and  Mr.  Barlow,  was  substi- 
tuted for  the  original  suspension  bridge. 
In  1882  the  necessary  Parliamentary 
powers  were  obtained,  and  in  January, 
1883,  the  works  were  commenced  by 
Messrs.  Tancred,  Arrol  &  Co.,  the  con- 
tractors. The  total  length  of  viaduct  in- 
cluded in  the  contract  sum  of  £1,600,000 
is  about  1 J  miles,  and  there  are  : 

2  spans  of  1,700  feet  each. 
2        "  675 

15        "  168 

5        "  25 

Including  piers  there  is  thus  one  mile  of 
main  spans  and  half  a  mile  of  viaduct 
approach.  The  clear  headway  is  150  feet 
above  high  water,    and  the  tops  of  the 
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great  cantilevers  are  more  than  200  feet 
higher  still.  There  will  be  about  45,000 
tons  of  steel  in  the  superstructure  of  the 
bridge,  and  120,000  cubic  yards  of 
masonry  in  the  piers. 

PIEKS. 

The  South  Queensferry  main  pier  con- 
sists of  a  group  of  four  cylindrical  piers 
of  masonry  and  concrete,  founded  by 
means  of  pneumatic  caissons  on  the 
strong  boulder  clay  constituting  the  bed 
of  the  Forth  at  this  point.  Owing  to  the 
slope  of  the  clay,  the  caissons  required 
to  be  sunk  to  depths  varying  from  about 
70  feet  to  90  feet  below  high  water.  The 
diameter  ranges  from  70  feet  at  the  base 
to  60  feet  at  low- water  level,  above  which 
the  iron  skin  of  the  caisson  is  replaced 
by  a  facing  of  Aberdeen  granite.  At  the 
base  of  the  caissons  is  a  working  chamber 
of  7  feet  in  height  supplied  with  com- 
pressed air,  and  electrically  lighted,  for 
the  men  excavating  the  material.  This 
chamber  was  kept  clear  of  water  by  a 
pressure  of  air  considerably  less,  as  a 
rule,  than  that  due  to  the  head  of  water 
outside.  For  example,  at  90  feet  below 
high  water,  when  the  north-east  caisson 
had  been  sunk  through  a  considerable 
thickness  of  silt,  the  air  pressure  required 
to  be  maintained  at  18  lbs.  per  square 
inch  only,  although  at  the  reduced  depth 
of  57  feet  it  was  found  convenient  to 
work  at  30  lbs.  air  pressure.  Three 
shafts  and  air-locks  were  provided  for 
each  caisson,  two  for  the  excavated  ma- 
terial, and  one  for  the  men.  The  former 
had  two  horizontal  sliding  doors  actuated 
by  small  hydraulic  rams,  and  the  skip 
containing  the  clay  and  boulders  was 
hoisted  up  by  a  90-feet  shaft  by  a  steam- 
engine  mounted  on  the  side  of  the  air- 
lock. As  a  rule,  from  200  to  300  skips 
of  excavated  material  were  raised  per  day 
of  24  hours  by  a  force  of  from  20  to  30 
men.  The  maximum  number  of  skip- 
loads  was  363,  and  of  men  33.  The  size 
of  the  skips  was  3  feet  diameter  by  4  feet 
3  inches  high.  Owing  to  the  extreme 
hardness  of  the  clay  it  was  necessary  to 
provide  a  certain  number  of  spades  hav- 
ing hydraulic  rams  in  the  handles,  which, 
abutting  against  the  roof  of  the  working 
chamber,  sliced  the  clay  readily.  At  the 
present  time,  three  of  the  South  Queens- 
ferry  caissons  have  been  sunk  success- 
fully to  the  full  depth,  and  the  fourth  and 


last  would  also  have  been  completed  but 
for  an  unfortunate  accident  which  hap- 
pened to  it  at  the  beginning  of  the  year. 
By  some  means  the  caisson,  which  had 
been  floated  into  position  for  some  weeks, 
accidentally  filled  with  water,  and  sank 
and  slid  forward  on  the  mud.  It  is  now 
being  carefully  cased  in  timber,  to  admit 
of  the  water  being  pumped  out  and  the 
caisson  floated  again  into  position. 

At  Inchgarvie  similar  pneumatic  cais- 
sons are  used  for  two  out  of  the  four  cyl- 
indrical piers,  and  the  work  on  both  is  in 
full  progress.  Owing  to  the  slope  of  the 
rock  bottom,  it  is  necessary  to  cut  away 
as  much  as  18  feet  in  thickness  of  whin- 
stone  rock  to  form  a  level  bench  for  the 
pier  at  70  feet  below  high  water,  and  the 
most  convenient  way  of  doing  this  was  to 
convert  the  base  of  the  pier  practically 
into  a  great  diving  bell  70  feet  in  di- 
ameter. In  this  case,  there  being  no  silt 
over  the  rock,  the  pressure  of  air  neces- 
sarily is  that  due  to  the  depth  of  water 
outside,  and  somewhat  sensational 
"  blows  ''  occur  with  a  falling  tide.  Rock 
drills  are  provided,  and  blasting  goes  on 
in  the  compressed  air  chamber  without 
necessitating  the  withdrawal  of  the  men. 

At  North  Queensferry,  the  four  main 
piers  were  built  either  on  dry  land  or 
within  timber  and  clay  coffer-dams. 
Above  low  water  the  whole  of  the  main 
piers  are  built  of  Arbroath  masonry  in 
cement  faced  with  Aberdeen  granite,  and 
hooped  occasionally  with  18  inches 
wrought-iron  bands.  The  cantilever  end 
piers,  and  the  viaduct  piers,  are  built  of 
rubble,  concrete,  and  granite  in  cement. 

SUPEKSTEUCTUBE. 

Although  the  piers  of  the  Forth  Bridge 
present  many  points  of  interest,  it  is  the 
enormous  span  and  novel  design  of  the 
superstructure  that  has  attracted  the  at- 
tention of  the  engineers  of  the  world  to 
the  work  now  in  progress  at  Queensferry. 
The  chief  desiderata  in  the  biggest  rail- 
way bridge  ever  proposed  to  be  con- 
structed are  durability,  strength,  and 
rigidity  under  express  trains  and  hurri- 
cane pressures  ;  facility  and  security  of 
erection,  high  quality  of  material  and 
workmanship,  and  economy  in  first  cost 
and  maintenance.  These,  we  considered, 
would  be  best  met  by  a  steel  "cantilever" 
or  "  continuous-girder  "  bridge.  Since 
the  commencement  of  the  Forth  Bridge, 
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American  engineers,  ever  bold  and  ready, 
have  built  three  cantilever  bridges  of 
considerable  span,  and  practical  experi- 
ence has  confirmed  our  anticipations  as 
to  the  advantages  of  the  system ;  the 
Niagara  Bridge,  over  900  feet  in  length, 
which  was  manufactured  and  erected 
across  the  rapids  in  the  short  time  of  ten 
months,  having  stood  all  the  tests  of 
actual  working  in  the  most  satisfactory 
manner.  In  the  Forth  Bridge,  each  span 
of  1,710  feet  is  made  up  of  two  canti- 
levers, projecting  680  feet,  and  a  central 
girder  connecting  the  same  350  feet  in 
length.  The  cantilevers  are  343  feet  deep 
over  the  piers,  and  40  feet  at  the  ends. 
The  bottom  members  consist  of  a  pair  of 
tubes  tapering  in  diameter  from  12  feet 
to  5  feet,  and  spaced  120  feet  apart, 
center  to  center,  at  the  piers,  and  31  feet 
6  inches  apart  at  the  ends.  The  top 
members  consist  of  a  pair  of  box  lattice 
girders,  tapering  in  depth  from  12  feet 
to  5  feet,  and  spaced  33  feet  apart  at  the 
piers,  and  22  feet  3  inches  at  the  ends. 
Each  tube  has  a  maximum  gross  sectional 
area  of  830  square  inches,  and  each  girder 
a  maximum  net  sectional  area  of  506 
square  inches.  Upon  each  cylindrical 
masonry  pier  is  bolted  a  bedplate  carry- 
ing a  "  skewback,''  from  which  spring 
vertical  and  diagonal  columns  and  struts. 
The  former  are  12  feet  in  diameter,  and 
from  368  to  468  square  inches  sectional 
area ;  the  latter  are  flattened  tubes. 
Horizontal  wind-bracing  of  lattice  girders 
connect  the  tubes  forming  the  bottom 
member  of  the  cantilevers,  and  similar 
vertical  wind-bracing  connects  the  ver- 
tical and  diagonal  tubes,  so  that  the 
whole  structure  is  a  network  of  brac- 
ing, capable  of  resisting  stresses  in 
any  direction,  and  of  any  attainable 
severity. 

The  rolling  load  provided  for  is  (1) 
trains  of  unlimited  length  on  each  line  of 
rails  weighing  1  ton  per  foot  run  (2) 
trains  on  each  line  made  up  of  two 
engines  and  tenders,  weighing  in  all  142 
tons,  at  the  head  of  a  train  of  sixty  short 
coal  trucks  of  15  tons  each.  The  wind 
provided  for  is  a  pressure  of  56  lbs.  per 
square  foot  striking  the  whole,  or  any 
part  of  the  bridge,  at  any  angle  with  the 
horizon,  the  total  amount  of  the  main 
spans  being  estimated  at  no  less  than 
7,900  tons.  In  practice  only  two  trains, 
weighing    800  tons  in  all,  would  be  on 


this  length  of  bridge  at  the  same  time,  so 
the  wind  pressure  (if  such  a  hurricane  as 
56  lbs.  per  square  foot  could  ever  occur) 
would  be  ten  times  as  great  as  the  train 
load.  Under  the  combined  stresses  re- 
sulting from  the  test  load  in  the  worst 
position,  and  the  heaviest  hurricane,  the 
maximum  stress  on  the  steel  will  not  ex- 
ceed 7  J-  tons  per  square  inch  on  any  por- 
tion of  the  structure,  and  on  members 
subject  to  great  variation  in  the  intensity 
and  character  of  stress,  the  maximum 
will  not  exceed  4  tons  per  square  inch. 
For  tubular  columns  and  struts  34  to  37 
tons  steel,  with  an  elongation  of  17  per 
cent,  in  8  inches,  is  specified,  and  for 
tension  members  30  to  33  tons  steel, 
with  20  per  cent,  of  elongation.  We  have 
now  about  15,000  tons  of  steel  delivered 
and  worked  up,  and  are  satisfied  that  the 
quality  as  supplied  to  us  by  the  Steel 
Company  of  Scotland,  and  the  Landore 
Company,  is  admirably  adapted  for  bridge 
construction.  In  making  the  tubes,  the 
plates  are  heated  in  a  gas  furnace,  and 
bent  hot  between  dies,  in  a  powerful  hy- 
draulic press.  A  slight  distortion  takes 
place  in  cooling,  which  is  corrected  by 
pressing  the  plates  again  when  cold. 
After  bending,  all  four  edges  are  planed, 
and  the  plates  built  up  into  a  tube. 
Traveling  annular  drill  frames  surround- 
ing the  tube,  fitted  each  with  ten  travers- 
ing drills,  bore  the  holes  at  once  through 
plates,  covers,  and  stiffeners,  so  that 
when  again  fitted  in  place  for  erection, 
every  piece  comes  into  exact  juxtaposi- 
tion. Similar  traveling  drill  frames  deal 
with  the  lattice-box  girders,  every  hole 
being  drilled  as  the  machine  advances. 
Generally  the  plant  designed  by  Mr. 
Arrol  for  drilling  the  innumeiable  holes 
in  the  42,000  tons  of  steel-work  for  the 
main  spans  is  of  signal  merit  and  effi- 
ciency, and  well  worthy  the  attention  of 
practical  engineers.  At  the  present  time, 
although,  as  already  stated,  about 
15,000  tons  of  steel-work  is  on  the 
ground,  only  the  approach  viaduct 
girders  and  some  of  the  bed-plates  of 
the  main  spans  are  erected  and  riveted 
up.  In  a  few  weeks,  however,  the  erec- 
tion of  the  portion  of  the  main  spans 
over  the  North  Queensferry  piers  will  be 
proceeded  with.  The  "  skewbacks  "  and 
connecting  tube  will  first  be  riveted  up, 
and  then  a  platform  of  temporary  girders 
and  planking  will   be  constructed,  and 
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raised  gradually  by  hydraulic  rams  in  the 
four  vertical  12-feet  diameter  columns  as 
the  work  of  erection  and  riveting-up  pro- 
gresses. This  platform  will  carry  cranes 
and  other  appliances,  and  the  men  will 
be  thoroughly  protected,  so  that  work 
will  be  carried  on  with  as  much  confidence 
at  a  height  of  350  feet  as  at  sea  level. 
When  the  portion  of  steel-work  over  the 
piers  is  erected,  the  first  bay  of  the 
cantilever  on  each  side  of  the  same 
will  be  added,  the  work  forming  its 
own  staging.  This  will  be  followed  by 
succeeding  bays  until  the  cantilevers 
are  complete,  and  the  central  girders 
will  then  be  erected,  probably  on  the 
same  plan. 

It  will  be  observed  that  for  certain 
parts  of  the  Forth  Bridge  we  use  steel  of 
a  higher  tensile  strength  than  is  at  pres- 
ent considered  admissible  either  for 
ships  or  boilers.  This  has  not  been  done 
without  full  and  mature  consideration  of 
the  whole  question.  Our  experiments 
showed  that  steel,  having  a  tensile 
strength  of  from  34  to  37  tons  per  square 
inch,  offered  a  decided  advantage  over 
very  mild  steel,  when  compressive  stresses 
and  the  flexure  of  long  columns  were 
concerned.  Indeed,  an  inferior  quality 
of  steel,  such  as  would  be  used  for  rails, 
will  stand  compression  far  better  than 
the  best  boiler  steel  or  Lowmoor  iron. 
Thus,  I  found  a  column  twenty  diameters 
in  length  of  common  Bessemer  steel 
carry  27  tons  per  square  inch,  where  one 
of  mild  boiler  steel  has  stood  but  17  tons. 
It  would  be  inexpedient,  however,  to  use 
inferior  steel,  even  for  the  compressive 
members  of  a  bridge,  and,  therefore,  a 
high  quality  and  high  tensile  resistance 
were  indicated.  Although  this  steel  takes 
a  temper,  and  becomes  brittle,  if  cooled 
in  certain  ways,  it  will  stand  the  ordinary 
Admiralty  temper  tests,  bending  to  a 
radius  of  double  the  thickness,  after  being 
made  red-hot  and  cooled  in  the  usual 
way.  In  a  boiler  the  steel  plates  are  sub- 
ject to  great  changes  of  temperature  and 
consequent  stresses  from  expansion  and 
contraction.  In  a  ship,  almost  every 
plate  in  the  hull  is  subject  to  alternate 
tensile  and  compressive  stresses  when 
amongst  waves  ;  and,  further,  a  vessel  is 
liable  to  severe  alternating  stresses  and 
shocks  on  taking  ground,  dry  docking, 
and  under  other  circumstances.  In  the 
compression     members     of     the     Forth 


Bridge,  the  steel  is  subject  only  to  a 
steady  pressure  of  varying  intensity,  and 
a  quality  of  steel  was  adopted  which  com- 
bined perfect  facility  in  working  with  a 
high  resistance  to  compression.  Although 
an  increased  tensile  strength  is  accom- 
panied by  a  decidedly  increased  resist- 
ance to  flexure  in  columns  and  struts,  the 
latter  is  not  proportional  to  the  former. 
If  the  thing  were  practicable,  what  I 
should  choose  as  the  material  for  the 
compression  members  of  a  bridge  would 
be  34  to  37  ton  steel,  which  had  been 
previously  squeezed  endwise  in  the  direc- 
tion of  the  stress  to  a  pressure  of  about 
45  tons  per  square  inch — the  steel  plates 
being  held  in  suitable  frames  to  prevent 
distortion. 

My  experiments  have  proved  that  37- 
ton  steel  so  treated  will  carry  as  a  column 
as  much  load  as  70-ton  steel  in  the  state 
in  which  it  leaves  the  rolls,  that  is  to  say, 
not  previously  pressed  endwise.  It  would 
be  a  matter  of  much  practical  moment  to 
ascertain  if  some  convenient  treatment 
could  be  devised  which  would  endow  steel 
with  this  greatly  increased  power  of  re- 
sistance to  compression  without  injuring 
its  resistance  to  tension,  or  its  ductility, 
which  remained  unaffected  by  previous 
compression  in  my  experiments.  At 
least  one-half  of  the  42,000  tons  of  steel 
in  the  Forth  Bridge  is  in  compression, 
and  the  same  proportion  holds  good  in 
most  bridges,  so  the  importance  of  gain- 
ing an  increased  resistance  of  60  per  cent, 
without  any  sacrifice  in  the  facility  of 
working,  and  safely  belonging  to  a  highly 
ductile  material,  can  hardly  be  exagger- 
ated. Our  experience  has  led  us  to  the 
conclusion  that  sheared  edges  are  a  more 
fruitful  source  of  fracture  than  partial 
tempering,  or  other  contingencies.  All 
of  our  bent  plates  are  made  red-hot,  and 
the  effect  of  the  shearing  is  thus  elimi- 
nated even  before  planing.  Those  plates 
which  are  not  heated  have  the  edges  care- 
fully planed  so  as  to  leave  no  trace  of  the 
shearing,  and  we  find  that  whether  we 
are  dealing  with  30-ton  or  37-ton  steel, 
the  plates  so  treated  stand  all  the  de- 
sired tests.  Experiments  which  I  have 
made,  and  am  still  making,  on  the  resist- 
ing power  of  different  classes  of  iron  and 
steel  to  repeated  bendings,  such  as  the 
shaft  of  a  marine  engine  undergoes  if  the 
bearings  get  out  of  line,  indicate  that  the 
superiority  of  low-tension   steel   is  con- 
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siderably  greater  than  the  increased  due-  the  plant  now  at  the  Forth  Bridge  is 
tility  would  indicate.  In  conclusion,  I  £250.000,  and  of  the  work  executed 
may  state  that  the  approximate  value  of   £600,000. 


THE  DECAY  OF  STONE  ON  THE  GROUND  LEVEL. 

From  "The  Building  News." 


The  decay  of  stone  on  the  ground  level 
of  buildings  is  a  subject  of  great  import- 
ance and  anxiety  to  those  responsible  for 
substantial  erections  in  this  material ; 
for  in  many  instances,  before  the  work 
can  be  got  out  of  hands  by  the  contract- 
ors, signs  of  disintegration  present  them- 
selves, and  before  many  years  have 
passed  the  evil  has  intensified  to  such  an 
extent  that  the  lower  parts  of  the  build- 
ings are  in  a  state  of  decay  bordering 
upon  ruin.  The  same  evil  presents  itself 
in  connection  with  old  buildings,  and  it 
is  invariably  the  case  that  this  dissolution 
in  the  lower  part  of  the  building  hastens 
the  process  of  disintegration  over  the 
whole  fabric. 

^This  detail  of  decay  in  stone  is  trace- 
able, in  a  primary  sense,  to  absorption  of 
water  from  the  foundations  ;  but,  in  a 
secondary  sense,  to  a  variety  of  causes. 
Absence  of  damp  course,  as  in  old  build- 
ings, is  a  prime  cause  of  this  decay  of  I 
stone  on  the  ground  line,  and  inefficient  | 
damp  course  is  a  secondary  cause.  These 
are  intensified  by  thick  walls,  filled  in 
with  rubble  and  grouts,  backed  with  a 
damp  and  humid  atmosphere.  In  some 
cases  it  is  accelerated  by  the  finished 
ground  being  inadvertently  brought 
above  the  damp  course,  or  by  stone  pav- 
ing being  brought  up  to  its  level,  where- 
in the  beating  rain  gets  access  to  the 
superstructure.  The  character  of  the 
stone  used  in  the  house  of  a  building  is 
an  important  factor.  A  porous  sand- 
stone, like  the  millstone  grit  of  the  Car- 
boniferous system,  is  extremely  durable, 
whilst  a  porous  limestone,  like  the  Bath 
and  Ancaster  stones  of  the  Oolitic  sys- 
tem, is  extremely  perishable.  The  rea- 
son of  this  is  not  far  to  seek,  for  the  ce- 
menting medium  in  the  sandstone  is  sili- 
ca, impervious  to  the  action  of  water 
traveling  to  the  face  of  the  stone  to 
evaporate  in  the  rarified  atmosphere ; 
while  the  cementing  medium  in  the  lime- 


stone is  carbonate  of  lime,  more  or  less 
in  a  state  of  crystallization,  but,  never- 
theless, more  or  less  solvent  in  water, 
containing,  as  it  does,  in  important  cen- 
ters, a  dangerous  amount  of  carbonic 
acid.  In  the  former  case  the  stone  will 
give  out  its  water  without  ruin  being 
stamped  upon  its  face,  whereas  in  the 
latter,  the  mineral  matter,  unable  to  pass 
into  the  air,  will  crystallize  on  the  outer 
face  or  skin,  an  operation  that  will  mark 
the  decay  of  the  stone  by  disintegra- 
tion. 

In  a  humid  climate  like  that  of  England, 
stone,  independently  of  its  connection 
with  the  foundation  of  a  building  will,  dur- 
ing half  the  year,  be  conducting  the  pro- 
cess of  absorption.  This  is  an  operation  so 
well  known  that  stone  walls  have  an  un- 
enviable character  for  their  dampness,  a 
character  that  invariably  causes  them  to 
be  built  hollow,  or  lined  with  brick  or  a 
framework  of  wood.  The  same  stone, 
during  the  summer  season,  will  be  giving 
off  its  stored-up  moisture,  an  operation 
of  no  moment  on  the  north  side  of  a 
building,  where  the  absorbing  power  of 
the  sun  is  not  experienced,  but  one  that, 
on  the  south  side,  will  be  carried  to  a 
great  and  a  dangerous  extent.  It  is  to 
the  absence  of  the  sun  on  the  north  side 
of  a  building,  and  the  uniform  character 
of  the  moisture  in  the  stone,  that  it  is  al- 
ways in  a  better  state  of  preservation 
than  the  south  side,  and  it  is  to  the 
presence  of  the  sun  on  the  south  side, 
and  the  extremes  of  moisture,  heat, 
and  dryness  experienced  by  the  stone, 
that  it  is  invariably  found  in  a  decayed 
or  ruinous  state.  The  moisture  present 
in  the  north  and  south  walls  of  a  build- 
ing in  the  winter  or  humid  season  is 
identical,  the  reverse  being  the  case  in 
summer,  for  the  north  wall,  if  the  sur- 
roundings are  favorable,  will  be  coated 
with  moss  or  lichen,  whilst  the  south 
wall  will  be  dry  and  arid.     It  is  to  this 
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high  or  active  state  of  evaporation  in 
the  sun  that  the  decay  of  stone  on  the 
ground  line  is,  if  not  actually  brought 
about,  certainly  accelerated.  So  much 
is  this  the  case,  that  if  we  examine  the 
north  wall  of  a  building  we  shall  find 
the  line  of  disintegration  on  the  ground 
level  scarcely  marked,  while  the  line  on 
the  south,  or  other  sides  exposed  to  the 
influence  of  the  sun,  illustrates  an  ad- 
vanced state  of  decay.  It  naturally  fol- 
lows that  special  attention  should  be 
brought  to  bear  on  all  but  the  north 
sides  of  a  building ;  the  damp  course 
should  here  be  most  effectual,  and  the 
walling  upon  it  placed  above  any  pos- 
sible contact  with  the  ground,  or  the  in- 
fluence of  beating  rains.  The  ashlar 
work  should  be  constructed  in  a  stone 
whose  power  of  absorption  is  of  a  low 
order,  for  it  is  to  the  large  measure  of 
absorption  and  evaporation  in  the  ab- 
sence and  presence  of  the  sun,  that  dis- 
solution is  brought  about.  In  carrying 
out  this  policy,  care  should  be  exercised 


in  avoiding  all  projections,  recesses,  &c, 
which  collect  and  distribute  water,  on 
what  is  known  as  the  drip  principle,  a, 
principle  most  markedly  at  variance  with 
the  preservation  of  stone.  If  these  fea- 
tures are  imperative,  arrangements 
should  be  made  for  collecting  and  remov- 
ing the  water,  a  thing  by  no  means  im- 
possible where  wall  pipes  are  intro- 
duced in  connection  with  the  roofs.  If 
a  porous  stone  is  used,  more  especially 
if  it  be  limestone  or  dolomite,  we  advise 
the  coating  of  the  same  with  preserva 
tive  composition,  a  material,  on  the  one 
hand,  that  prevents  undue  absorption, 
and  on  the  other,  undue  evaporation.  In 
giving  this  advice,  we  are  not  unmindful 
of  the  fact  that  it  gives  to  the  stone  a 
paint -like  surface  for  a  time  ;  but  it  has 
proved  so  efficient  in  the  extensive  restor- 
ations carried  out  on  the  south  side  of 
York  Cathedral,  by  the  late  and  lament- 
ed G.  E.  Street,  that  we  have  no  hesita- 
tion in  advocating  it. 


THE    THOMAS-GILCHRIST    OR    BASIC    BESSEMER    PROCESS. 

Extract  from  a  recent  report  by  Elias  Petterson. 
Translated  from  the  "  Jernkontorets  Annaler  "  by  MAGNUS  TEOILIXJS. 


The  Thomas-Gilchrist,  or  Basic -Bes- 
semer process,  is  now  extensively  used 
in  Germany,  France  and  Belgium,  partic- 
ularly for  the  manufacture  of  soft  steel. 
Owing  to  the  low  rates  of  freight  at  which 
the  Spanish  Bilbao  ores  are  carried  to 
Amsterdam  and  Rotterdam,  the  price  of 
Bessemer  pig  has  lately  been  only  48  to 
50  marks  per  1,000  kg.,  with  Thomas  pig 
at  42  marks.  In  Eastern  France  the 
Thomas  pig  was  counted  10  francs  cheaper 
than  the  Bessemer  pig,  blown  from  pure 
Spanish  ores.  The  Thomas  pig,  how- 
ever, causes  more  loss  and  expense  in  re- 
fining; the  ingots  from  both  processes 
are  therefore  about  equal  in  price,  as 
shown  by  the  following  figures : 

Aoid  Process. 

Marks. 

Pig,  1100  kg.,  @,  52  marks  per  1000 57.20 

Blowing  expenses 14.40 


Ingots  per  ton 71 .  60 


Basic  Process.  Marks. 

Pig,  1165  kg  ,  @  44  marks  per  1000 51 .  26 

Blowing  expenses 20.00 

Ingots  per  ton 71 .  26 

Materials  for  Basic  Lining. 
Magnesia — bricks  being  too  expensive 
— ground,  burnt  dolomite  mixed  with 
water,  free  or  boiled  coal  tar  is  now 
mostly  used.  The  dolomite  has  the  fol- 
lowing composition : 


At  Hoerde. 
Si02                     =    2.02 
Fe203  +  Al203   =    2.30 
CaCo3                  =  61.31 
MgCo3                =  34.32 

per 

cent. 

t 

t 

100.05 

At  Rothe  Erde. 
Si02                     =       .60 
Fe203+Al203    =     1.16 
CaO                     =  32.45 
MgO                    =  19.15 
Co2                      =  46.45 

per 

cent. 

99.81 
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At  Ilsede. 

SiOo 

=    1.35  per  cent 

Al2Os 

=    2.05 

CaO 

=  30.12 

MgO 

=  19.21 

FeO 

=      .26 

Co8 

=  44.97 

HoO 

=    1.99 

99.95 

In  most  places  the  dolomite  is  crashed 
into  fist-size  pieces,  and  calcined  in  a 
cupola  with  alternate  layers  of  coke.  At 
Hoerde,  with  good  coke,  the  consump- 
tion was  only  13  per  cent,,  but  at  Hay- 
ence,  where  poor  coke  was  used,  the  con- 
sumption was  100  per  cent.  Good  blast 
is  required  so  to  give  heat  enough  to 
glaze  the  dolomite,  thereby  preventing  a 
too  rapid  absorption  of  moisture. 

The  furnace   at  Hoerde   was  6  meters  : 
high,  and  produced  10,000  kg.  of  burnt 
dolomite  in  24  hours. 

The  burnt  dolomite  is  freed  from  ad- ; 
hering  slag  and  coke,  and  then  ground 
and  mixed  with  coal  tar.  The  commer- 
cial tar  contains  18-20  per  cent,  of  water, 
which  is  removed  by  boiling  in  a  cast- 
iron  pan,  from  which  the  tar  is  afterwards 
drawn  up  into  a  measuring  chamber ; 
from  there  it  is  subsequently  carried  to 
the  mixing  machinery.     The  tar  general- 1 


ly  retains  .2  to  .5  per  cent,  of  water  after 
boiling. 

For  the  sides  of  the  converter  a  more 
finely-ground  dolomite  is  generally  used 
than  for  the  bottoms,  which  are  made  of 
a  mixture  of  half  finer,  half  coarser,  dolo- 
mite. Somewhat  more  tar  is  generally 
used  for  the  bottoms  than  for  the 
sides  ;  this  is,  however,  very  different  for 
different  works.  Thus,  at  the  Westpha- 
lian  Works,  18  to  20  per  cent,  of  tar  was 
used,  whilst  in  France,  at  Hayence  and 
Mont  Saint  Martin,  only  7  to  9  per  cent, 
was  necessary. 

A  rammed  basic  lining  is  more  durable 
than  a  lining  built  up  of  basic  bricks, 
there  being  no  joints.  For  this  reason, 
both  bottoms  and  sides  are  now  gener- 
ally rammed  in  with  heated  iron  rams. 

The  sides  of  a  10-ton  converter  are 
made  450  mm.,  the  bottom  650  mm.  thick. 
As  pattern  for  the  manufacture  of  bot- 
toms is  used  a  conical  cast-iron  ring, 
which  is  placed  upon  a  closely-fitting, 
cast-iron  bottom  plate.  This  plate  forms 
the  lower  part  of  the  converter  bottom 
when  completed.  Into  this  bottom  are 
fastened  needles  or  tuyere  stones.  The 
following  figures,  giving  the  number  of 
needles  and  tuyere  holes  used,  deserve 
mentioning : 


Kaiserslauten 5-ton  furnaces, 

Oberhausen 8  " 

Hoerde 10  " 

Dortmunder  Union. . .  10  " 

Mongmedy 10  " 

Havence 8  " 

Mont  St.  Martin 15 

Athus 12  " 

RheinischeStahlwerke    7  " 

Phoenix 6  " 

Gebrtider  Stumm 8  " 


42  needles, 
45 
50 
50 
18  tuyere  stones,  with  9 


holes, 


12 
21 
19 

7 

11 

8 


brought 


from 
obtained 


The  tuyere   stones  are 
England,  where    they   can  be 
cheapest. 

The  height  of  the  tuyere  stones  is 
adapted  to  the  more  or  less  burnt-out 
state  of  the  bottom.  Thus,  at  Athus, 
for  new  bottoms,  were  used  stones  630 
mm.  high,  and  for  burnt-out  bottoms, 
stones  440  and  290  mm.  high. 

The  bottoms  are  dried  in  a  long  cham-  j 
ber,  holding  many  bottoms  at  the  same ' 
time ;  the  bottoms  are  kept  there  for  16 
to  18   days,    being  moved,    during   thatj 
time,  gradually  up   to  the   hottest   part  | 
next  to  the  fireplace.      Confusion,  how- 
ever, is   sometimes  caused  bv  having  so 
Vol.  XXXin.— No.  6—34 


with  11mm 

"  12 

"  12 

"  12 

"  11 

"  12 

"  10 

"  10 

"  12 

"  10 

"  12 


diam. 


many  bottoms  at  different  stages  of  dry- 
ness in  one  room,  and  at  Hoerde  it  was 
therefore  intended  to  build  a  special  heat- 
ing-room for  each  bottom.  Every  fresh 
converter  lining  must  be  well  dried  by 
burning  about  16  cwt,  of  coke,  or  24  cwt. 
of  coal,  in  the  converter.  The  drying 
requires  5  to  7  hours.  The  heat  should 
be  of  such  strength  as  to  glaze  the  lin- 
ing after  expelling  the  tar  fumes. 

After  inserting  the  converter  bottom 
from  below,  the  joint  between  bottom 
and  converter  is  tightened  by  injecting 
plastic  balls  of  dolomite  and  tar  through 
the  converter  nozzle.  The  bottoms  can 
stand  22  to  24  blows  (at  Rothe  Erde  they 
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were  said  to  stand  30  blows) ;  as  a  rule, 
however,  they  do  not  stand  more  than  15 
to  18  blows,  and  sometimes  only  9  or  10. 
The  converter  bottom  is  always  ex- 
posed to  the  hardest  wear ;  the  tuyere 
stones  made  of  clay-chamotte,  particu- 
larly, are  worn  rapidly.  These  tuyere 
stones,  as  already  mentioned,  can  easily 
be  replaced  by  shorter  ones.  The  sides 
of  the  converter  can  stand  from  80  to 
100  blows  without  repair. 
Plant. 
Holley's  arrangement  for  changing  bot- 
toms is  used  at  the  new  works,  Athus, 
in  Belgium.  Bottoms  could  be  changed 
in  45  minutes.  At  Mont  St.  Martin  the 
same  arrangement  was  going  to  be  intro- 
duced. 

At  all  the  works,  except  one,  three  con- 
verters were  considered  to  be  the  right 
number  for  a  continuous  run.  Only  at 
Athus  the  Holley  arrangement  made  it 
possible  to  turn  out  400  tons  a  day,  by 
means  of  2  12- ton  converters. 

At  other  works,  with  only  2  converters, 
3  to  4  hours  were  wasted  every  day  for 
changing  one  or  two  bottoms,  and  only  22 
to  24  blows  could  be  made  a  day;  at  the 
works  with  3  converters,  28  to  34  blows 
could  be  made  in  24  hours. 

Bessemer  converters,  which  can  blow 
10-ton  charges  with  an  acid  lining,  can  if 
lined  with  basic  lining,  only  handle  8  tons. 
Casting  Arrangements. 
In  all  newly-built  Thomas  works   the 
casting  pit  is   placed  at  some   distance 
from  the  converters,  so  as  to  leave  ample 
room  for  removing  the  large  amounts  of 
slag   which    are   characteristic    of    this 
process.      The    ladle  is  transported  by 
means  of  a  crane  attached  to  a  locomo- 
tive, as  at  Hoerde  and  Ilsede,  where  the 
converters    are   all   in  one  line,  or   the 
ladle  is   carried  between  converter   and 
pit  by  means  of  two  fixed  cranes. 
Thomas  Pig. 
Thomas  pig  generally  contains  1.5  to 
3  per  cent,  of  phosphorus,  and  .1  to  1.5 
per  cent,  of  silicon.     A  few  analyses  may 
be  here  given : 

Phos.      Silicon      Mang. 
Name  of  Works.       %  %  % 

Neunkirchen 2.5  .5  2.0 

Hayence 3  2  1.5  1.2 

Mont  St.  Martin 2.0  1.5  1.5 

Athus 2.0  .8  1.5 

Rothe  Erde 2.0  1.2  1.5 

Ilsede 3.0  .1  2.8 


The  phosphorus  must  not  exceed  3 
per  cent.,  as  the  loss  and  the  deteriora- 
tion of  the  converter  lining  increase  with 
the  phosphorus.  The  hotter  the  pig  and 
the  higher  the  per  cent,  of  phosphorus 
is,  the  less  silicon  is  required.  A  high 
per  cent,  of  manganese  is  always  useful, 
in  order  to  render  the  slag  more  fluid  and 
to  remove  sulphur,  which  occurs  in  con- 
siderable quantities  in  Thomas  pig. 

Lime. 

An  addition  of  12  to  14  per  cent,  of 
lime  is  sufficient  for  low-phosphorus  pig ;. 
otherwise  17  to  20  per  cent,  is  required. 
The  lime  is  generally  taken  direct  from 
the  calcining  furnace,  in  order  not  to  cool 
the  converter  unnecessarily.  The  lime 
used  is  very  pure.  At  Hoerde  it  con- 
tained : 

Lime,  89.05  ;  magnesia,  3.05 ;  alumina 
and  iron  peroxide,  .62;  silica,  .82;  phos- 
phoric acid,  .01 ;  sulphuric  acid,  .42  ;  car- 
bonic acid,  5.37.     Total— 99.34. 

In  order  to  render  the  slag  still  more 
fluid,  1.5  per  cent,  of  fluoride  of  calcium 
was  added  at  the  French  works. 

At  Hayence,  Athus,  and  Mont  St.  Mar- 
tin the  pig  was  taken  direct  from  the 
blast  furnaces,  but  at  all  the  other  Thomas 
works  it  was  re-melted  in  cupolas. 

The  Blow. 

Owing  to  the  small  amount  of  silicon 
present  the  carbon  begins  to  burn  very 
soon,  and  continues  to  burn  with  a  blue,, 
carbonic-monoxide  flame  for  about  10 
minutes.  Then  follows  the  after-blow, 
by  means  of  which  the  phosphorus  is  re- 
moved from  the  metal.  The  after-blow 
lasts  for  2  to  4  minutes  ;  at  most  works  a 
certain  number  of  revolutions  of  the 
blowing  engine  is  used  for  the  after-blow, 
after  the  completion  of  which  the  con- 
verter is  tilted  over,  so  that  most  of  the 
slag,  now  rich  in  phosphoric  acid,  may 
run  out. 

At  the  same  time  a  sample  of  metal  is 
taken  out  and  tested  by  rapidly  hammer- 
ing it  into  a  round  plate,  cooling  in  . 
water  and  breaking  in  two.  The  more  or 
less  coarse  fracture  indicates  whether  the 
metal  is  dephosphorized  or  whether  the 
after-blow  has  to  be  continued. 

Great  difficulties  have  to  be  contended 
with  at  this  stage  of  the  process,  principally 
owing  to  the  necessity  of  not  continuing 
the  after-blow  too  long,  in  order  to  save 
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the  converter.  The  result  is  that  the  de- 
phosphorization  is  seldom  carried  lower 
than  .1  per  cent. 

Percentages  of    Phosphorus  in  the 
Product. 

One  works  has  classified  the  basic 
blows  of  188-4  according  to  the  percent- 
ages of  phosphorus  in  the  refined  prod- 
uct, showing  the  following  not  very  good 
results : 

80.00  %  of  the  blows  had  less  than  .10  %  of  P. 
4.76  "  "  exactly      .10  "     " 

15.29  "  "  more  than  .10  "     " 

Final  Additions. 

Spiegel  is  used  for  higher  carbons' 
and  ferromanganese  for  lower  carbons- 
The  spiegel  is  melted  in  a  cupola,  whilst 
the  ferromanganese  is  only  preheated  or 
used  cold.  Sometimes  when  the  bath 
was  very  unruly,  10  to  60  kg.  of  "  ferro- 
silicium,"  with  10  to  14  per  cent,  of  sili- 
con, was  added,  in  order  to  quiet  the 
bath  and  secure  solid  ingots. 

Mechanical  and  Chemical  Tests. 

Besides  the  test  mentioned  above,  a 
sample  was  always  hammered  out  and 
hardened  from  a  white  heat.  The  sample 
was  then  welded  and  hammered  to  1" 
square,  cooled  and  fractured. 

For  control,  the  carbon  and  phosphor- 
us were  always  rapidly  determined  in  each 
blow  by  chemical  analysis.* 

At  Kaiserslauten  large  quantities  of 
plate,  5  mm.  thick,  for  coats  of  mail, 
were  manufactured.  This  plate  must 
have  18  to  20  per  cent,  elongation,  with  a 
tensile  strength  of  50  to  55  kg.  per  sq. 
miri.,t  and  was  tested  by  firing  ten 
charges  in  succession  from  breech-load- 
ing rifles  at  50  meters  distance,  against 
plates  300  mm.  in  diameter.  The  back 
side  of  the  plate  must  then  show  no 
signs  of  cracking,  unless  two  bullets 
strike  the  same  spot. 

Loss. 

The  loss  in  the  Thomas  process  is  from 
15  to  17  per  cent.  For  the  manufacture 
of  rails,  less  lime  and  shorter  after-blow 
are  used  ;  the  loss  is,  therefore,  in   this 


*  For  information  regarding  rapid  chemical  analysis 
in  steel  manufacture  vide  Troilius'  "  Chemistry  of 
Iron,"  John  Wiley's  Sons,  New  York. 

t  To  convert  kg.  per  sq.  mm.  into  lbs.  per  sq.  inch, 
multiply  by  1422.47. 


case  less  than  when  it  is  desired  to 
remove  the  phosphorus  more  com- 
pletely. 

The  softer  the  metal  is  desired  to  be, 
the  more  difficult  and  expensive  becomes 
its  manufacture,  the  bath  being  unruly  to 
a  high  degree.  During  the  cooling  a  vio- 
lent evolution  of  gas  takes  place,  causing 
bad  ingot  tops  and  much  loss  in  rejec- 
tion. 

At  Hoerde,  a  pig  was  for  a  long  time 
made  out  of  only  Thomas  and  puddle 
slags.  One  pig  thus  obtained  con- 
tained : 


c 

=      .87  per  cent. 

Si 

=      .02 

P 

=  18.18 

S 

=  trace        " 

Mn 

=     4.53 

As  a  rule,  however,  only  5  to  6  per 
cent,  phosphorus  was  present  in  the  pig 
used. 

Thomas  Slags  as  Fertilizers. 

The  following  analyses  give  an  idea  of 
the  composition  of  the  Thomas  slags : 


A 

B 

C 

D 

SiOo 

4.86 

2.97 

2.64 

7.88 

p2o5 

20.58 

23.58 

23.25 

20.16 

CaO 

48.31 

60.28 

59.57 

54.42 

MnO 

5.64 

1.49 

1.72 

4.77 

FO 

12.56 

6.24 

7.57 

8.00 

F203 

6.97 

1.28 

1.60 

1.92 

MgO 

1.82 

1.31 

1.10 

A1203 

.75 

.64 

.98 

CaS 

.... 

1.34 

1.21 

1.31 

99.75        99.51      100.54 

Dr.  Scheibler  has  patented  a  process 
j  for  extracting  the  phosphate  of  lime  from 
|  these  slags  for  fertilizing  purposes. 
His  process  is  used  at  Schalke,  iu  West- 
.  phalia,  and  at  Stollberg,  in  Aachen,  and 
j  is  there  carried  out  essentially  as  fol- 
lows : 

The  slags  are  roasted  in  reverberatory 
furnaces,  9  meters  long  and  1.5  meter 
wide ;  20,000  kg.  slag  are  thus  burnt  in 
24  hours,  with  a  consumption  of  coal  of 
only  130  kg.  The  roasting  oxidizes  the 
sulphide  of  calcium,  and  converts  the 
iron  and  manganese  into  higher  oxides. 
!  The  roasted  slag  is  pulverized,  after  a 
!  previous  treatment  with  steam,  which 
converts  the  free  lime  into  calcium  hy- 
drate, thus  aiding  the  pulverization. 

From  the  pulverized  slag  the  phos- 
phate of  lime  and  the  silica  are  extracted 
with    dilute    hydrochloric     acid    (1.10.) 
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About  1,450  kg.  of  acid  are  used  for  1,000 
kg.  of  slag.  The  solution  requires  only 
a  few  minutes  for  completion,  and  is  car- 
ried out  in  big  vats. 

After  some  standing  the  solution  is 
drawn  off  from  the  insoluble  residue,  and 
neutralized  with  lime  water,  which  precipi- 
tates the  phosphoric  acid,  together  with 
a  little  silica,  the  larger  part  of  the  silica 
remaining  in  solution. 

The  precipitated  phosphate  is  separ- 
ated from  the  liquid  by  means  of  huge 
filtering  presses.  Thus,  wet  cakes  con- 
taining 65  to  70  per  cent,  of  water  were 
obtained. 

The  phosphates  are  finally  dried  and 
pulverized  simultaneously  in  specially- 
constructed  contrivances.  The  final  prod- 
uct contained : 


At  Stolberg. 

At  Schalke 

Per  cent. 

Per  cent. 

31.82 

31.66 

13.26 

9.05 

35.01 

34.99 

2.43 

2.78 

11.94 

11.97 

P305 

Si02 
CaO 
F 

Loss  on  ignition 

50  per  cent,  of  the  slag  treated  is  ob- 
tained as  phosphate.  The  residue  ob- 
tained, after  extracting  the  roasted  slag 
with  dilute  hydrochloric  acid,  amounts  to 
about  30  per  cent,  of  the  total  slag,  and 
forms  an  excellent  material  for  the  man- 
ufacture of  manganiferous  pig  iron.  At 
Schalke  this  residue  was  found  to  con- 
tain: 


F203 

= 

52.4 

per  cent 

Mn203 

= 

15.10 

<  t 

MgO 

= 

9.90 

<< 

CaO 

— 

14.18 

(< 

P*05 

— 

5.31 

a 

Si02 

= 

4.40 

a 

HYDRAULIC  FORMULAS: 

A  COMPAKISON  OF  FORMULAS  AND   RESULTS— DARCY'S   FORMULA  APPLIED. 

By  NATHANIEL  HILL. 
Written  for  Van  Nostrand's  Magazine. 

cr  being  ratio  of  head  lost  from  contrac- 


The  following  formulas  for  the  velocity 
of  flow  of  water  through  pipes,  are  select- 
ed from  Table  65,  of  Fanning's  "  Treatise 
on  Hydraulics,"  being  all  that  seem,  from 
their  results,  to  have  been  designed  for 
that  use : 

Fanning. 


H 


2<7H       U 


{l  +  cr)+ml, 
r 


Etelwein. 


Neville. 


V=50(V^ 
\l  + 


» 


50d/ 
H> 


0234  +  .0001085J 


Hawksley. 


^>H-sy4 


V  being  velocity,  in  feet  per  second. 
d      "      dia.  of  pipe,  in  feet. 
H     "      entire  head,  in  feet 
I      "      length  of  pipe,  in  feet. 
m     "      coefficient  of  flow. 

r      "      Hyd.  mean  rad.,  j'  in  feet. 


h 

a 

h! 

a 

h" 

a 

Cv 

a 

tion,  to  head  to  induce  velocity, 
h' 


head  to  induce  velocity. 

head    lost  from  contraction   of 

stream, 
head  lost  from  friction  in  pipe, 
ratio  of   area  of  contraction  to 
area  of  pipe. 
These  formulas  will  first  be  shown  to 
be  identical  in  construction,  and  founded 
upon  the  same  considerations,  viz. : 
Head  to  induce  velocity. 
Head  lost  from  friction. 
Head  lost  from  contraction  of  stream  at 
entrance  to  pipe. 

Eeferring  to  "Young's  Summary  of 
Etelwein's  Hydraulics,"  better  known  as 
"Tredgold's  Hydraulics,"  page  204  : 

/     ' 


therefore 


also 


d 

-•41. 
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hence 


or 


v'  = 


tfdh—dv' 


abH 


b'dB. 


(A) 


abH  +  d' 

Where  f=  head  lost  from  friction. 
a=SL  constant. 
h = total  head. 

b= coefficient  for  determining  ve- 
locity from  height, 

b  then  is  cv  V2#  in  Fanning's  notation ; 

Ari 

From  Fanning, 

2g?*i 


f     d 

7X0" 

I     v 


we  take 


v 
m: 


Hence 


Am 


4m 


Substituting  c*2g  for  52,  and  -— —   for 
a  in  (A),  also  4r  for  d  and  H  for  h — 


c\  2#x4rH 


then 


whence     v= 


which  is  Fanning's  12th  Equation.  This 
readily  reduces  to  the  more  common 
form,  the  11th  Equation — 

i 


m- 


2gK         V 

+  (l  +  cr:)| 


In  theEtelwein  formula,  b  is  taken  6.6 ; 
and  "  for  the  whole  velocity  due  to  the 
height,  the  coefficient  by  which  its  square 
root  is  to  be  multiplied  is  8.0458 ; " 

6.6 


then 


Cot   — 


8.0458 


=  .82 


atf  is  given  from  "  Buat's  Experiments  " 
.0211 ; 

whence         a =^=.000484. 
6.6 

To  compare  this  with  the  m  of  Fan- 
ning's formula,  it  must  be  multiplied  by 

2? 

-j-  or  16.1.    It  is  then  found  to  be  equiv- 
alent to  .0075  in  that  formula. 

The  Etelwein  formula,  with  the  values 
of  a  and  b  inserted,  is — 


V= 


/   43.6dH 


l02m 


IB.   \ 


or 


\l  +  Ald) 
and  is  finally  taken  at 

The  Hawksley  formula, 

V=48.045(7-^?L 

is  easily  traced  back  to 
™       42.76 


(B) 


ft 


.018521  + d' 
whence  £=6.54,  cv  =  .815  and 
a=. 000433,  equivalent  to  m=. 00697. 
The  Neville  formula  is  equivalent  to 
01 8522 +  d 


(C) 


V2=: 


42.74tfH 


which  compares  with  the  last  form  of  the 
Hawksley  formula,  (C). 

The  coefficient,  in  the  equation  for  re- 
sistance head,  is  assumed  constant  in  all 
these  formulas,  except  Fanning's,  where 
it  is  variable,  and  to  be  assumed,  by  aid  of 
prepared  babies.  To  avoid  this  necessity, 
Darcy  varied  the  form  of  the  equation, 
and  what  is  known  as  Darcy's  formula  is 
merely  a  formula  for  loss  of  head  from 
friction  alone.  In  "Proceedings  of 
American  Society  of  Civil  Engineers," 
XXXVII.,  1872,  the  formula  appears  thus : 


fc.00371- 


d2 


i=\oss  of  head  per  foot  of  pipe,  in  feet. 
<#=dia.,  in  inches. 

Let  us=2#H',  H'  being  the  head  re- 
maining after  all  losses  are  deducted : 

•=5to(H-l0087i£^ 

or,  reduced, 

2g^V  U 

2^.00371(^+1)  +  dV 

(See  Engineering  and  Mining  Jour- 
nal, Sept.  7, 1878.) 

Hcf  ^  \ 

(1) 


Hi 


or 


L  1g) 


This  formula  is  similar  in  construction 
to  the  four  compared,  except  that  it  has 


■ 
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Darcy's  value  for  loss  of  head  from  fric- 
tion, and  provides  for  no  contraction. 

For  contraction =cv  ; 
^=2#  |h-?.00371(-^^V- 


(1 


^2)( 


H-J.00371 


(«*+!)... 


=cv*2g( 


or,    V= 


H-Z.  00371 


He?2 


d2 


1.00371(^+1)? 


(2) 


This  is  Darcy's  formula  adapted  to  the 
Etelwein  construction. 


If  cv  be  taken  at  .815  and  2g  at  64.4. 
Hd2 


v  =■ 


(3) 


7.00371(^+1)  +  .0233776c?2 
or  introducing  r  in  place  of  cZ 

*!=,0009276  +  ^^  +  .0233776,  <4> 


orifHstaken^. 


V'  = 


r% 


.0009276  +  .0002319+0233776, 

/■  ? 


(5) 


Or,  if  r  is  taken  in  feet, 
ri 


v  = 


.000077292  +  -00000161  + 


.0233776  -^ 


(6) 


which  may  be  compared  with  the  formula 
called  Darcy's,  quoted  by  Fanning,  and 
given  below : 

ri  -)i 

00007726  +  -00000162}      P) 


-I 


The  latter  may  be  used  in  place  of  the 
former,  when  the  last  term  is  an  insig- 
nificant  addition  to    the    denominator ; 

f 
this  would  occur  when   the   ratio  -  ap- 
proaches .00001. 

Below  is  a  comparison  of  the  results 
of  the  formulas  referred  to,  as  they  ap- 
pear in  Fanning's  Table  63,  with  those 
of  (3). 

Pipe,  1  foot  diameter;  head,  100  feet ; 
lengths  as  below  in  feet : 


Lengths,  in  feet 

Etelwein 

Neville 

Hawksley 

Darcy  (D) 

Panning 

Darcy's  adapted,  formula  (3) . . 
Darcy's  adapted,       "        (7).. 


vel. 


67.40 
62.54 
62.555 
244.12 
63.46 
63.1796 
64.487 


50 


vel. 


50. 

47.08 

47.08 

77.133 

51.11 

49.92 

50.558 


100 


vel. 


48.02 
38.75 
38.72 
54.64 
43.11 
41.93 
42.403 


1000 


vel. 


15.427 

14.78 

14.79 

17.279 

17.386 

16.706 

16.728 


10,000 


vel. 


4.985 

4.78 

4.80 

5.464 

5.392 

5.44 

5.446 
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Sub-heads  Compared,  Fanning.     (Page  253.) 


Lengths  in  feet 

5 

50 

100 

1,000 

10,000 

Velocities 

63.463 

51.111 

43.111 

17.386 

5.392 

n-v- 

62.542 
31.583 

5.878 

40.568 
20.487 
38.943 

28.863 
14.575 
56.571 

4.694 

2.370 

92.941 

.451 

.5055«8 

.228 

2g     

*      v2 
h  —m-  x-z— 

99.33 

r      2g 

H 

100.0 

100.0 

100.0 

100.0 

100.0 

By  Formula  (3). 


By  Formula  (7)  given  below. 


Lengths  in  feet 

5 

50 

100 

1,000 

10,000 

Velocities 

63.18 

49.92 

41.93 

16.706 

5.44 

V2 

61.98 

31.34 

6.68 

38.70 
19.56 
41.74 

27.30 
13.81 

58.89 

4.33 

2.19 
93.48 

460 

*g 

V2 

£'-.5055 — 

.23 

2g 
h"-i.oo3n{d+1\2 

99.31 

d~ 

H 

100.0 

100.0 

100.00 

100.00 

100.00 

Lengths  in  feet 

5 

10 

100 

1,000 

10,000 

Velocities 

64.487 

50.558 

42.301 

16.728 

5.446 

k=£ 

64.57 
32.65 

2.78 

39.69 
20.07 
40.24 

27.80 
14.05 
58.15 

4.35 

2.19 

93.46 

460 

2g 

V2 

A'=.5055— 

.23 

%g 

//'-(*- ^.00371^  V.. . 

99.31 

H 

100.00 

100.00 

100.00 

100.00 

100.00 
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Etelwein's  (B),  Neville's,  and  Hawks- 
ley's  are  equally  consistent  in  accounting 
for  all  the  head,  at  the  values  assumed 
in  those  formulas  for  the  coefficients  of 
contraction  and  friction. 

Fanning's  coefficient  is  taken  the  same 
in  determining  h"  as  was  assumed  in 
finding  v  :  the  results  would  vary  a  little 
from  an  exact  accounting  for  the  entire 
head,  if  the  tabled  value  of  m  was  taken, 
for  the  value  of  v  found.  This  is  not 
important,  in  the  present  condition  of  the 
tabled  values. 

Below  are  given  a  few  values,   being 
those  most  convenient  for  comparison,  of 
coefficients  computed  from  experiments, 
and  from  the  tables,  pp.  237-241. 
Exps.  Coeff.  By 

by         Dia.  Vel.       by  Exp.      Table. 

Darcy. ..  1.6427        1.3765        .00629        .00545 

.9751      10.35  .00600        .00507 

Fanning.  1.667  4  .    .00525        .00498 

1.667  1.488  .00534        .00512 

1.667  1.935  .00525        .00532 

Couplet.  1.6  3.4779        .00700        .00502 


In  the  application  of  any  formula  to 
short  lengths  of  pipe,  I  should  be  taken 

U— ^njwhen  d  is  given  in  inches,  or 

(I— 3d)  when  given  in  feet,  as,  a  length 
of  pipe  equal  to  three  diameters,  is  in- 
volved in  the  coefficient  of  contraction. 


Formula  (2)  thus  modified,  becomes 


('-!). 


H.d* 


00371(^+1)  +c;  2g 


} 


i 


(7) 


When  I  is  3  times  the  diameter  of  pipe 
the  velocity  of  discharge  is  known  to 
be  (c^a2#H)^,  to  which  this  formula  re- 
duces. 

The  velocities  and  sub-heads  by  for- 
mula (7),  are  given  in  table  under  that 
by  formula  (3),  for  convenient  compar- 
ison. 


STANDARD  WEIGHTS  AND  MEASURES. 

By  JOHN  L.  CULLEY,  C.  E. 


The  paper  of  Mr.  Arthur  Hamilton- 
Smythe,  read  before  the  British  Institu- 
tion of  Civil  Engineers,  Jan.  20,  1885, 
is  a  valuable  and  interesting  contribution 
to  our  literature.  Not  less  interesting 
was  the  discussion  that  followed. 

We  are  pleased  at  the  full  expression 
of  individual  views  there  given,  though 
we  must  confess  ourselves  at  times 
amused  at  the  quibbles  resorted  to  to 
sustain  the  old  regime,  as,  for  instance, 
the  mental  arithmetic  argument.  I  am, 
however,  surprised  at  the  author  through- 
out his  paper  stooping  to  small  things 
and  making  egregious  statements  to 
maintain  his  position. 

There  are  certain  broad  elements  con- 
nected with  the  meter  that  appeal  to  the 
intelligence  of  every  land,  such,  for  in- 
stance, as  he  has  expressed  in  his  first 
two  paragraphs.  But  when  petty  argu- 
ment is  used  to  sustain  one's  position, 
contempt  therefor  is  begotten. 

His  statement  that  the  yard  or  meter, 
on  account  of  being  the  approximate 
human  stride,  are  the  natural  units  of 
lineal  measurement,  is  an  incorrect  state- 


ment. The  foot  has  become  the  most 
convenient  unit  of  universal  use,  proved 
by  the  fact  that  it  and  its  approximates 
have  been  used  for  all  time,  ancient  and 
modern,  and  that,  too,  in  modern  times, 
in  spite  of  the  fact  that  the  yard  has  been 
legalized  in  all  English-speaking  coun- 
tries. Even  in  France,  to-day,  the  old 
French  foot  is  persisted  in,  and  while  the 
author  is  technically  correct  in  the  next 
paragraph,  practically  he  is  not,  for  the 
foot  is  our  practical  standard. 

He  seems  to  forget  that  while  machin- 
ery is  wearing  out  and  becoming  obso- 
lete, the  manufacturer  is  all  the  time  re- 
placing it  by  new  and  improved  patterns, 
but  graduated  to  the  same  old  standard 
unit.  Changes  of  machine  systems  are 
usually  radical  and  involve  great  expense. 
His  statement  of  the  process  a  carpenter 
goes  through  to  calculate  the  length  of  a 
stick  of  timber  with  a  two-foot  rule  is 
ridiculous.  It  is  quite  evident  the  author 
never  served  a  carpenter's  apprenticeship. 
One  would  suppose  from  his  reference  to 
the  fact  that  the  sixteenth  of  an  inch  was 
too  large  for  minute  work,  that  he  had 
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never  heard  of  -^-",  -fa",  y^-g-",  etc.  Small  j 
as  may   be   the  practical  importance  or 
advantage  of  these  binary  subdivisions,  j 
nothing  is  to  be  gained  by  ignoring  their  j 
existence.  The  fineness  of  one-hundredth  | 
of  a  foot  to  one-hundredth  of  a  meter  is  | 
to  the  ordinary  intellect  as  three  to  one, 
yet  the  author,  in  his  comparison  of  foot  j 
and  meter  leveling  rods,  would  seemingly 
have  us  infer  the  reverse.     The  rule  he 
suggests   of    binary   subdivision    of  the 
hundredths   by   ocular  estimate   applies 
with  equal  force  to  the  foot  rod  as  to  the 
metric  rod. 

The  same  criticism  applies  to  his  compar- 
ison of  the  Gunter  and  the  twenty-meter 
chain,  wherein  he  states  that  the  latter  is 
capable  of  subdivision  into  smaller  lineal 
measures.     The  surveyor,  now,  if  he  uses  ; 
such  a  thing,  divides  his  links  into  tenths,  j 
The  Gunter  chain  is  fast  becoming  obso-  j 
lete,  but  was  in  keeping  with  early  survey  j 
practice   of   angles   read   no  closer  than 
one-fourth  of  a  degree  ;  of  tables  of  lati- 
tude and  departure  earned  out  to  three 
decimal  places  for  one-fourth  of  a  degree  ; 
only,  and  when  their  best  results  were 
only  bad  approximates.     But  now,  with 
instruments  reading  to  twelve  seconds, 
with   tables   of    six  decimal   places    for ' 
every  minute,  and  an  improved  chain  to 
meet    these  requirements,  he  who   per- 
sists in  the  use  of  the  old  Gunter  chain 
has  divided  the  links  into  tenths,  while  \ 
the   live  engineer  uses  steel  tapes   one 
hundred  feet  long,  graduated  throughout 
their  entire  lengths  to  one-hundredths  of  j 
a  foot.    The  superiority  of  the  English 
one-hundred-foot   chain   is  sustained  by 
the  friends  of  the  meter,  by  the  trouble 
they  have  to  find  arguments  to  show  that ! 
the  meter  chain  is  nearly  as  good  as  the 
English  chain.     A  ten-meter  chain,  while 
of  convenient  denomination,  is  too  short 
for  practical  use,  and  the  twenty-meter 
chain,  while  it  approaches  a  convenient 
length   for  practical  use,  is  of  an  incon- 
venient denomination  for  either  use  or 
calculation. 

The  meter  advocates,  believing  us  to 
be  in  the  abandoning  mood,  since  we  be- 1 
lieve  in  the  abandonment  of  all  lineal ! 
units  except  the  foot,  urge  us  to  abandon 
everything,  the  foot  as  well  as  everything 
else,  and  insist  that  we  should  go  one 
step  further  and  take  to  ourselves  the 
meter.  We  would  willingly  do  this  if 
convinced    of    the    desirability    of    the 


change  or  of  the  superior  claims  of  the 
meter  over  the  foot. 

There  is  a  decided  objection  to  the 
abandonment  of  the  foot  unit.  It  is  the 
most  convenient  unit  for  all  purposes. 
Its  universal  use  in  spite  of  legal  enact- 
ments proves  its  desirability.  It  is  the 
only  unit  by  which  people  have,  of  their 
own  accord,  expressed  all  kinds  of  dimen- 
sions. 

The  meter  came  not  from  the  choice  of 
the  intelligent  masses,  but  by  imperial 
decree,  and  is  both  inconvenient  and  un- 
wieldy. 

The  most  beautiful  theory  of  the  meter 
— the  one  ten- millionth  part  of  the  merid- 
ian quadrant — has  long  been  abandoned 
by  its  most  enthusiastic  admirers.  This 
like  other  claims  for  the  meter,  is  of 
theoretical  but  not  of  practical  import- 
ance. 

Let  National  and  State  legislatures 
legalize  the  meter  as  the  standard  unit 
and  it  will  not  receive  even  the  attention 
that  the  yard  thus  actually  legalized  with 
us  now  gets. 

Amongst  the  numerous  standards  in 
use  with  us,  there  are  several  that  for 
years  and  years  have  been  in  constant 
use  giving  rise  to  confusion,  complica- 
tions, distress,  and  loss  of  time.  Many 
of  them  are  complex  and  are  objection- 
able both  for  measurement,  calculation,, 
and  an  intelligent  understanding.  For 
these  and  other  good  reasons,  it  is  de- 
sirable to  simplify  and  reduce  these  stand- 
ards to  a  single  unit.  The  best  system 
of  lineal  measurements  is  of  the  simplest 
notation  and  of  the  most  convenient 
standard. 

The  simplest  notation  is  the  decimal 
system,  and  the  foot,  as  above  stated,  is 
the  most  convenient  standard. 

It  is  much  easier  to  adopt  the  unit  of 
most  general  use  than  one  entirely  for- 
eign to  our  shores.  This  is  the  reason, 
as  intimated  by  Hamilton-Smythe,  that 
the  public  in  all  English-speaking  coun- 
tries are  perfectly  indifferent  to  the  in- 
troduction of  the  meter — they  have  no 
hankering  for  it. 

I  am  in  favor  of  all  wholesome  reform 
that  will  improve  our  practice,  and  will 
gladly  hail  the  introduction  of  the  meter 
when  convinced  of  its  superior  claims 
over  the  foot,  or,  of  the  desirability  or 
utility  of  such  a  change.  While  open  to 
such  convictions  I  have  yet  to  find  good 
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and  valid  reasons  for  discarding  the  foot 
for  the  meter.  This  opinion  holds  with 
the  intelligent  masses.  Hence  their  in- 
difference to  the  meter  introduction. 

A  reform  movement  started  many 
years  ago.  The  railroad  engineers,  need- 
ing something  better  than  the  Gunter 
•chain,  introduced  the  one-hundred-foot 
chain  of  one  hundred  one-foot  links,  and 
from  this  has  been  developed  the  present 
perfected  one-hundred-foot  steel  tape 
with  its  fine  subdivisions.  For  many 
years  the  new  one-hundred-link  chain 
was  used  exclusively  by  the  railroad  men, 
but  gradually  it  has  worked  its  way  into 
the  hands  of  a  large  body  of  engineers 
outside  of  the  railroad  fraternity,  just  as 
the  steel  tape,  first  used  outside,  has 
come  to  be  that  by  which  railroads  are 
now  measured.  Now  all  large  cities,  the 
majority  of  the  smaller  ones,  and  other 
corporations  are  measured  by  the  steel 
decimal  one-foot  tape.  Even  the  land 
surveyors  are  beginning  to  return  farm 
surveys  and  subdivisions  in  feet  decimals, 
and  people  cease  to  marvel  that  our  one- 
tenths  are  larger  than  their  one-twelfths, 
or,  as  they  express  it,  "Why  are  your 
inches  larger  than  oars'?  "  The  Pennsyl- 
vania Railroad  Co.  designate  their  sta- 
tions by  the  decimal  division  they  are 
between  mile-posts,  and  people  have  no 
difficulty  in  understanding  their  signifi- 
cance. 

It  might  be  noted  that  at  the  1885 
Convention  of  Ohio  Surveyors  and  Civil 
Engineers,  at  Columbus,  the  majority  of 
members  used  the  old  chain.  The  fact 
is,  however,  all  the  live,  wide-awake  men, 
are  using  the  steel  decimal-foot  tape. 
The  great  work  thus  inaugurated  has 
only  made  a  beginning,  yet  I  predict  that 
fifty  years  hence  the  old  chain  will  have 
become  a  matter  of  tradition,  and  many 
another  thing,  now  tolerated,  wiU  have 
passed  away.  This,  like  all  other  re- 
forms, requires  patience,  constancy,  and 
the  lapse  of  time  before  meeting  full  and 
complete  success.  There  are  many 
things  to  be  changed,  altered,  and  given 
up,  nor  do  we  expect  all  these  things  to 
be  done  at  once.  An  old  dog,  says  the 
proverb,  slowly  learns  a  new  lesson. 
People  have  their  prejudices  to  over- 
come, and  the  ignorant  must  be  educated. 
Still,  much  has  been  accomplished,  thus 
giving  cause  for  congratulation.  Already 
draughtsmen  express   their   plans  deci- 


mally rather  than  duodecimally.  We  are 
beginning  to  hear  of  such  plan  scales  as 
these  :  4  feet  to  one-tenth ;  500  feet  to 
one-tenth,  etc.,  in  place  of  the  old  4  feet 
to  1  inch,  14  feet  to  1  inch,  etc. 

The  advantages  of  binary  subdivisions 
are  more  imaginary  than  real.  The  ad- 
vocates of  duodecimals  have  attached 
undue  importance  to  them.  They  are 
the  most  common  inch  divisions  used, 
and  as  such  are  very  useful,  but  they 
have  nothing  to  do  with  tenths.  The 
trouble  is,  one  system  is  applied  to  the 
other,  binary  to  tenth,  and  vice-versa. 
f  of  yV,  or  the  reverse,  is  an  awkward 
expression.  The  engineer,  in  actual 
practice,  has  no  more  need  of  binary  sub- 
division than  the  carpenter  with  his  inch 
has  of  tenths.  However,  if  decimals 
were  universally  used,  there  would  be 
but  little  use  for  binary  subdivisions. 

Thus  it  will  appear,  while  the  foot  has 
year  by  year  a  greater  and  greater  tenac- 
ity with  us,  the  task  of  introducing  the 
meter  becomes  each  year  more  hopeless. 
Because  of  the  want  of  qualities  to  rec- 
ommend it,  I  am  satisfied  that  the  meter 
will  never  come  to  us.  So  much  for 
lineal  measurements,  which  are  gradually 
but  surely  working  out  a  final  system.  So 
will  the  weights  eventually  be  overhauled. 
The  advantages  of  interchangeable  weight 
and  measure  systems — the  great  claim 
of  the  metric  system— are  only  fanciful. 
What  profit  is  it  that  the  cube  of  a  certain 
unit,  or  of  a  certain  decimal  part  of  such 
unit  of  water,  at  a  certain  temperature, 
exactly  equals  an  even  number  of  weight 
units  %  Nothing !  Our  own  weight  sys- 
tem might  be  decimal,  whose  unit  was  a 
hundredth  part  of  a  cubic  foot  of  water. 
This  unit  we  might  call  a  pound  or  any 
other  convenient  name.  One-tenth  of 
this  unit  might  be  called  an  ounce,  which 
would  be  almost  identical  with  our  pres- 
ent avoirdupois  ounce.  Some  such  dec- 
imal weight  system,  it  is  to  be  hoped, 
will  eventually  supersede  our  present 
complicated,  clumsy  weight  systems. 
Still,  I  contend  that  so  long  as  the  rela- 
tions of  the  two  systems  are  known,  it 
matters  little  whether  a  cubic  unit  of 
water,  at  a  given  temperature,  exactly 
equals  an  even  number  of  weight  units 
or  not.  So  long  as  the  temperature  is 
constant  the  relation  exists,  but  the  mo- 
ment it  is  not,  the  balance  is  lost.  Even 
if  the  temperature  remains  always  con- 
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stant,  the  exact  relation  of  weights  and 
measures  is  then  true  only  for  water. 

Then  as  the  specific  gravity  of  any 
substance  is  never  an  even  number,  an 
elaborate  calculation,  or  a  resort  to  the 
tables  is  always  necessary  to  determine 
the  weight  of  a  given  bulk,  be  the  sys- 
tems interchangeable  or  not.  What  we 
need  is  a  decimal  weight  system,  founded 
upon  a  good  and  convenient  unit — good 
and  convenient  because  thoroughly 
adapted  to  the  wants  of  trade  and  com- 
merce, and  to  the  expression  of  large  as 


well  as  small  quantities,  and  not  because 
founded  on  a  mere  fanciful  relation  to 
the  standard  lineal  unit.  There  is  no 
objection  to  having  denominations  in  any 
system.  It  is,  in  fact,  a  practical  con- 
venience to  have  them.  In  our  American 
decimal  money  system,  the  nickel,  dime, 
eagle,  etc.,  are  desirable  denominations. 
But  it  is  very  important  for  the  simplifi- 
cation of  their  use,  that  all  denomina- 
tions in  any  system,  money,  weights,  or 
measures,  should  be  derived  decimally 
from  the  unit  of  its  system. 


CREOSOTE. 

Abstract  of  a  Report  of  Dr.  C.  MEYMOTT  TEDY,  M.  B.,  F.  C.  S. 

Coke  Company. 


to  the  Directors  of  the  Gas  Light  and 


From  the  Papers  of  the  Institution  of  Civil  Engineers. 


Let  me  define,  first  of  all,  exactly  what 
I  understand  by  the  word  "  creosote." 
This  is  important,  seeing  that  it  does 
not  imply  a  compound  of  fixed  chemical 
composition.  It  is,  in  fact,  a  composite 
liquid,  made  up  of  a  variety  of  chemical 
bodies  in  different  proportions,  the  qual- 
ity depending  (first)  on  the  kind  of  coal 
from  which  the  coal  tar  is  obtained,  and 
(secondly)  on  the  details  of  the  distilla- 
tion and  treatment. 

Broadly  speaking,  I  mean  by  the  word 
creosote  a  product  of  the  distillation  of 
coal  tar  after  it  has  reached  a  tempera- 
ture of  about  300°  Fahrenheit ;  in  other 
words,  after  what  is  known  as  the  light 
oil  has  distilled  over. 

It  may  be  taken  that  about  one-third 
the  bulk  of  the  tar  consists  of  the  "  cre- 
osote "  or  "  heavy  oil  "  employed  in  creo- 
soting  timber. 

The  process  of  creosoting  is  effected 
by  placing  well-weathered  wood  in  a  ves- 
sel so  constructed  that  a  more  or  less 
perfect  vacuum  may  be  obtained.  The 
creosote,  heated  to  a  temperature  of 
from  100°  to  120°  Fahrenheit,  is  allowed 
to  pass  into  the  exhausted  reservoir,  and 
thus  finds  its  way  into  the  pores  of  the 
wood. 

The  advantages  to  be  derived  from  the 
process  are,  I  consider,  of  a  threefold 
nature,  and  I  give  them  in  what  appears 
to  me  to  be  the  order  of  their  import- 
ance : 


1st.  A  physical  action.  A  very  great- 
ly increased  solidity  is  effected  by  chok- 
ing up  the  pores,  thus  agglutinating  the 
whole  mass  of  the  wood  into  a  more  or 
less  solid  block.  Apart  from  its  render- 
ing the  wood  more  solid,  this  physical  ac- 
tion is  important  in  preventing  the  sub- 
sequent absorption  of  moisture. 

2d.  A  physiological  action.  The  smell 
of  the  creosote  imparted  to  the  wood 
prevents  germinal  life,  well  known  to  be 
destructive  to  timber,  from  being  devel- 
oped within  it.  Seeing  that  the  preserva- 
tion of  timber  has  been  effected  by  such 
materials  as  chloride  of  zinc,  sulphate  of 
copper,  &c,  with  greater  or  less  success, 
and  that  the  action  of  these  bodies  must 
be  mainly,  although  I  admit  not  entirely, 
dependent  on  their  toxic  properties,  this 
physiological  action  is  one  of  importance. 
It  must  be  remembered,  moreover,  that 
creosote  has  the  advantage  of  a  well- 
marked  smell,  which  odor  most  of  the 
lower  animals  dislike.  In  this  respect 
it  is  superior  to  the  other  bodies  I  have 
named. 

Further,  it  is  worth  pointing  out  that 
all  the  constituents  of  the  coal  tar,  and 
not  the  tar  acids  only,  have  a  more  or 
less  well-marked  tarry  odor. 

3d.  A  chemical  action.  Respecting 
the  chemical  action  I  would  draw  atten- 
tion to  the  fact  that  tar  acids  are  not  on- 
ly antiseptic,  but  that  they  possess  the 
power  of  coagulating  albumen.     It  is  to 
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this  latter  action  that  I  shall  have  to  re- 
fer later  on  in  this  report,  as  playing  an 
important  part,  in  my  opinion,  in  the 
preservation  of  the  timber. 

Having  now  dealt  with  what  I  con- 
ceive to  be  the  details  involved  in  the 
process  of  creosoting,  the  two  following 
questions  arise  (1st)  Upon  what  constit- 
uents of  the  creosote  does  its  value  spe- 
cially depend,  and  what  are  the  relative 
values  of  its  different  constituents  ? 
(2d)  If  there  be  constituents  in  the  cre- 
osote, which,  of  themselves,  possess  no 
special  value,  do  they  in  any  respect  les- 
sen the  activity  of  the  valuable  constitu- 
ents? 

The  importance  of  considering  the  pre- 
cise value  of  the  several  constituents  of 
creosote,  arises  as  follows  : 

Speaking  generally,  creosote  may  be 
divided  into  two  classes — London  and 
country  creosotes.  By  London  creosote 
we  mean  the  creosote  derived  from  the 
tars  of  the  London  gas  works,  the  east- 
coast  generally,  and  from  the  gas  works 
of  towns  such  as  Southampton,  Brigh- 
ton, &c,  where  the  coal  employed  is  New- 
castle coal.  So  far  as  I  am  able  to  learn, 
the  larger  proportion  of  the  creosote 
produced  in  England  is  of  this  charac- 
ter. The  two  creosotes,  however,  being 
very  different  in  their  composition,  it  be- 
comes important  to  consider  them  sep- 
arately. 

The  London  creosote  has  a  somewhat 
high  specific  gravity,  and  contains  a  com- 
paratively large  percentage  of  naphtha- 
line, and  a  small  percentage  (i.  e.,  less 
than  10  per  cent.)  of  tar  acids.  Fur- 
ther, it  contains  a  considerable  quantity 
of  the  heavier  portions  of  the  oil,  that  is, 
of  those  portions  not  volatile  at  a  tem- 
perature below  600°  Fahrenheit. 

The  country  creosote,  on  the  other 
hand,  has  a  less  specific  gravity,  and  is 
considerably  more  fluid  than  London 
creosote.  It  contains  considerably  less 
naphthaline  than  the  London  creosote, 
a  larger  total  percentage  of  tar  acids, 
and  a  smaller  percentage  of  the  heavier 
portions  of  the  oil  present. 

The  real  question  I  have  had  in  view 
in  this  inquiry  being  country  creosotes 
v.  London  creosotes,  it  became  necessary 
to  inquire  the  relative  values  of  the 
heavier  portions  of  the  oil,  of  the  naph- 
thaline and  of  the  tar  acids,  in  creosot- 
ing.    In  view  of  making  what  I  have  to 


say  clear,  I  may  venture  to  place  before 
you  what  I  conceive  to  take  place  in  the 
operation  of  creosoting. 

The  creosote,  having  been  sufficiently 
heated  to  bring  the  whole  of  the  sus- 
pended constituents  into  a  perfectly 
liquid  condition,  is  driven  into  the  wood, 
from  which  the  air  has  been  more  or  less 
completely  exhausted.  The  tar  acids,  in 
the  first  instance,  effect  the  coagulation 
of  the  albumen  of  the  wood  sap.  This 
coagulated  albumen  mixes  with  the  naph- 
thaline of  the  creosote,  which,  so  soon 
as  the  temperature  becomes  sufficiently 
reduced,  is  re-deposited,  and  forms,  along 
with  the  heavier  portions  of  the  oil,  a 
solid  magma  within  the  pores  and  fibers 
of  the  wood.  That  this  formation  of  a 
solid  magma  actually  occurs,  I  have  con- 
vinced myself  by  numerous  microscopic 
examinations  of  creosoted  timbers. 

Tar  Acids. 

The  success  of  the  process,  therefore, 
being  presumably  assisted  by  the  coagu- 
lation of  the  albumen,  the  question  arises, 
What  quantity  of  tar  acids  is  necessary 
to  effect  this  object? 

To  determine  this  point  I  have  made  a 
variety  of  experiments. 

There  is  very  little  doubt  in  my  mind, 
supposing  that  10  lbs.  of  creosote  per 
square  foot  be  injected  into  the  wood, 
and  that  the  timber  be  of  the  kind  ordi- 
narily used  (although,  in  this  respect, 
different  kinds  of  wood  do  not  differ  so 
much  as  might  be  supposed),  that  2,  or 
from  that  to  3,  per  cent,  of  tar  acids 
would  amply  suffice  to  effect  this  coagu- 
lation of  the  sap  albumen. 

We  are  now  led  to  consider  if  any 
value,  and  if  any,  what  value,  is  to  be 
ascribed  to  the  tar  acids  beyond  that 
needed  to  effect  the  coagulation  of  the 
albumen. 

I  am  far  from  prepared  to  say  they 
are  otherwise  entirely  valueless.  Still,  it 
is  a  remarkable  fact  I  have  over  and  over 
again  verified,  that  in  the  timbers  that 
have  been  creosoted  for  a  considerable 
time  (say  a  year)  very  small  quantities  in- 
deed (if  any)  of  free  tar  acids  are  to  be 
found. 

I  have,  upon  this  point,  instituted  a 
series  of  examinations  of  sleepers  ob- 
tained from  independent  sources,  and  of 
ages  varying  from  one  to  twenty  years, 
and  it  is  a  fact  worth  noting  that,  within 
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a  very  short  time  after  a  sleeper  has  been 
in  use,  the  tar  acids  appear  to  be  entirely 
dissipated. 

Seeing,  however,  that  the  life  of  a 
sleeper  is  by  no  means  so  limited,  the 
facts  I  have  mentioned  suffice  to  show 
that  the  action  of  the  tar  acids  per  se 
cannot  have  any  very  great  or  perma- 
nently preservative  influence  in  creosot- 
ing. 


grains.  On  exposing  the  same  block  to 
the  same  temperature  for  another  24 
hours,  it  lost  135  grains,  whilst  on  con- 
tinuing the  exposure  for  a  third  24  hours, 
it  lost  only  15  grains.  After  this  the  loss 
was  practically  nil. 

I  now  planed  off  about  £  inch  of  the 
block  I  had  already  heated.  This  done, 
I  again  .  exposed  it  to  a  heat  of  55.5° 
Centigrade    (130°    Fahrenheit)    for     24 


I  admit  it  was  natural  to  suppose  that  |  hours,  during  which    time   it  lost  1,150 


bodies,  commonly  regarded  as  powerfully 
antiseptic,  should  have  been  the  active 
agent  in  the  process.  Further,  I  must 
admit  that  it  was  with  such  view  I  com- 
menced this  inquiry.  My  recent  investi- 
gations, however,  have  clearly  shown  that 
the  value  of  the  tar  acids  in  the  creosot- 
ing  process  has  been  greatly  over-esti- 
mated. 

I  am  convinced  that  so  long  as  the 
quantity  of  carbolic  acid  present  in  the 
creosote,  is  sufficient  to  coagulate  the  al- 
bumen of  the  wood  sap,  that  that,  for 
practical  purposes,  is  sufficient. 

Naphthaline. 

I  have  now  to  consider  the  value  of  the 
naphthaline. 

I  am  disposed  to  think  that  this  body 


grains.  The  loss  on  the  second  day  was 
less  than  100  grains,  whilst  on  succeed- 
ing days  the  loss  was  practically  nil. 

The  surface  of  the  wood  was  again 
planed  off,  and  similar  experiments  re- 
peated a  third  time  with  almost  identi- 
cal results. 

From  numerous  microscopical  examin- 
ations of  the  timber,  and  from  the  ex- 
periments I  have  described,  I  consider 
that  1  am  justified  in  drawing  the  follow- 
|  ing  conclusions  re  naphthaline  : 

1st.  That  supposing,  for  the  sake  of  ar- 
gument, naphthaline,  possesses  no  great 
antiseptic  power,  nevertheless,  it  acts 
beneficially  by  clogging  up  the  pores  of 
the  wood,  forming  a  more  or  less  solid 
magma  with  the  coagulated  albumen.  In 
this  way  it  assists  the  physical  part  of 
is  of  infinitely  greater  value  than  at  first  i  the  creosoting  process,  upon  which  the 


sight  appears.  Admitting  that,  as  an 
antiseptic,  it  is  inferior  to  the  tar  acids, 
nevertheless,  so  far  as  preservative  action 
alone  is  concerned,  it  must  not  be  sup- 
posed to  be  inoperative.  Its  special 
value,  however,  consists  in  helping  to 
render  the  wood  solid. 

But,  it  may  be  said,  granting  this  to  be 


preservation  of  the  timber  materially  de- 

|  pends. 

2d.  That  although  a  certain  quantity 

'  of  naphthaline  would  undoubtedly  be 
volatilized  by  a  tropical  heat,  nevertheless 
that  the  loss  would  practically  be  limited 
to  the  surface  of  the  timber,  and  would 
be  complete  a  day  or  two  after  expos- 


the  case,  naphthaline  is  so  volatile  that   ure,  the  naphthaline  in  the  deeper  parts 
the  heat, of  the  sun,  especially  the  intense  j  of  the  wood  remaining  fixed  by  incorpor- 


heat  of  an  Indian  climate,  would  soon 
drive  the  whole  of  it  off.  It  is  true  that, 
on  exposing  a  block  of  creosoted  timber 
in  an  oven  to  a  temperature  of  54.5° 
Centigrade  (130°  Fahrenheit),  and  this 
may  be  taken  to  be  an  extreme  tropical 
heat,  the  door  of  the  oven,  after  a  short 
time,  shows    conclusively  that   some  of 


ation  with  the  albumen  coagulated  by  the 
action  of  the  tar  acids. 

3d.  That  inasmuch  as  the  naphthaline 
cannot  injure  the  action  of  the  tar  acids, 
or  other  constituents  of  the  creosote, 
and  is  itself  a  positive  benefit  to  the 
process,  there  is  not  only  no  object  in 
requiring  that  the  oil  used  for  creosot- 


the  naphthaline  in  the  sleeper  has  under- !  ing  should  be  free  from  naphthaline,  but 


gone  volatilization  by  the  heat  applied. 

I  would,  however,  direct  attention  to 
the  following  experiment : 

I  exposed  a  large  block  of  creosoted 
timber  (accurately  weighed)  to  a  temper- 
ature of  65.5°  Centigrade  (150°  Fahren- 
heit). On  weighing  this  at  the  end  of 
24  hours,  I  found  it  to  have  lost  1,200 


that  it  would  be  unadvisable  to  demand 
such  freedom. 

There  are  many  other  facts  that,  in  my 
judgment,  corroborate  the  views  I  have 
expressed.  Thus,  I  am  given  to  under- 
stand that,  during  the  twelve  years  after 
the  process  of  creosoting  was  first  in- 
troduced  into  India,   the   whole   of  the 
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sleepers  were  prepared  with  heavy  Lon- 
don creosote  (that  is,  a  creosote  highly- 
charged  with  naphthaline),  with  the  occa- 
sional admixture  of  a  small  quantity  of 
country  oil  for  the  purpose  of  dilution. 

It  is  perfectly  certain,  further,  that  it 
was  on  account  of  the  good  results  ob- 
tained that  creosoting  became  a  process 
of  acknowledged  utility. 

So  far  as  I  can  learn,  it  was  not  until 
the  country  oils  became  more  extensively 
used,  that  any  complaints  respecting  the 
inefficiency  of  the  process  arose.  From 
independent  inquiries,  I  think  there  is 
the  strongest  possible  reason  to  believe 
that  the  sleepers  that  proved  unsatisfac- 
tory, had  been  prepared  with  country, 
and  not  with  London  oil. 

Heavy  Oils. 

Nothing  has  impressed  me  more  strong- 
ly in  the  course  of  these  inquiries  than  the 
value  of  the  heavy  oils  present  in  the 
creosote,  that  is,  of  the  oils  that  do  not 
distil  over  under  600°  Fahrenheit.  Of  a 
certain  antiseptic  power,  and  very  diffi- 
cult of  volatilization,  they  are,  I  believe, 
bodies  of  great  value  in  the  oil  employed 
in  the  creosoting  process. 

I  have  carefully  examined  numerous 
samples  of  the  creosote  supplied  by  your 
Company,  and  I  give  herewith  the  analy- 
sis of  eighteen  samples.  (Analysis  omit- 
ted.) 

After  a  very  careful  consideration  of 
the  conditions  necessary  to  insure  the 
successful  creosoting  of  timber,  it  appears 
to  me  that  the  following  points  need 
special  attention : — 

1.  That  the  timber  should  be  well 
dried,  so  that  the  pores  of  the  wood  may 
be  completely  pervious. 

2.  That  the  creosote  should  be  of  a 
heavy,  rather  than  of  a  light  description, 
i.  e.,  that  it  should  contain  oils  which  are 
given  off  at  high  temperatures,  together 
with  other  matters  that  become  solid 
within  the  timber  after  the  creosote  has 
been  allowed  to  cool  to  a  normal  temper- 
ature. 

3.  That  as  much  creosote  should  be 
put  into  the  timber,  as  the  timber  can 
possibly  be  made  to  absorb. 

Taking  into  consideration  the  whole 
body  of  the  evidence  now  before  me,  and 
which  I  have  submitted  to  you  in  this  re- 
port in  part  only,  I  am  of  opinion  that 
no  oil  could  be  better  suited  than  your 


own  for  the  purpose  of  creosoting  tim- 
ber, and  I  would  suggest  the  following* 
as  a  specification  for  creosote  that  would, 
in  my  judgment,  insure  to  engineers  and 
others  interested  in  the  process,  the  best 
possible  results : — 

1.  That  the  creosote  should  be  com- 
pletely liquid  at  a  temperature  of  100° 
Fahrenheit,  no  deposit  afterwards  taking 
place  until  the  oil  registers  a  temperature 
of  93°  Fahrenheit. 

2.  That  the  creosote  shall  contain  at 
least  twenty-five  per  cent,  of  constituents 
that  do  not  distil  over  at  a  temperature 
of  600°  Fahrenheit. 

3.  That,  tested  by  the  process  here- 
after to  be  described,  the  creosote  shall 
yield  a  total  of  8  per  cent,  of  tar  acids. 

There  are  certain  details  connected 
with  this  specification  to  which  I  desire 
to  draw  attention. 

1.  The  omission  of  any  clause  specify- 
ing the  specific  gravity  of  the  creosote  to 
be  used.  I  have  done  this  advisedly, 
because  of  the  extreme  difficulty  in  taking 
the  gravity  of  creosote  at  normal  temper- 
atures with  the  1,000  grain  bottle,  and 
the  practical  uselessness  in  my  judgment 
of  employing  a  hydrometer  for  the  pur- 
pose. If  it  be  considered  necessary  to 
introduce  a  specific  gravity  clause,  I 
would  suggest  that  the  gravity  be  be- 
tween 1,040  and  1,065,  water  being  1,000. 
I  am  of  opinion,  however,  that  for  practi- 
cal purposes  a  specific  gravity  clause  is 
altogether  unnecessary. 

2.  Believing  strongly  as  I  do  in  the 
value  of  those  constituents  of  the  oil  that 
are  the  most  difficult  to  volatilize,  I  have 
deemed  it  right  to  suggest  a  clause  to 
the  effect  that  the  creosote  shall  contain 
at  least  25  per  cent,  of  matters  that  dis- 
til over  above  600°  Fahrenheit. 

3.  I  have  made  a  large  number  of  ex- 
periments as  to  the  best  method  by 
which  the  estimation  of  the  tar  acids  may 
be  determined. 

I  note— 

(a)  That  very  slight  differences  in  the 
strength  of  the  solutions  used,  and  in 
methods  of  manipulation,  considerably 
influence  the  results  obtained.  I  there- 
fore deem  it  necessary  that  as  a  part  of 
the  specification,  the  process  to  be  em- 
ployed for  estimating  the  acids  should  be 
exactly  stated. 

(b)  I  have  failed  to  discover  any  easy 
method  of  separating  the  carbolic  from 
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the  other  tar  acids.  I  have  tried  for  this 
purpose  numerous  experiments,  but  with 
such  unsatisfactory  results,  that  I  have 
decided  to  recommend  that  the  total 
quantity  of  tar  acids  only  should  be 
stated.  Further,  the  fact  that  as  pre- 
servatives one  kind  of  tar  acid  is,  so  far 
as  we  know,  as  good  as  any  other,  ren- 
ders a  further  separation  of  the  acids  in 
my  judgment  unnecessary.  My  analysis 
of  samples  will  show  that  in  fixing  not 
less  than  8  per  cent,  of  total  tar  acids, 
we  obtain  a  fair  index  of  the  purity  and 
genuineness  of  the  creosote. 
Dr.  Tidy's  Specification  for   Creosote. 

1.  That  the  creosote  shall  be  com- 
pletely liquid  at  a  temperature  of  100° 
Fahrenheit,  no  deposit  afterwards  taking 
place  until  the  oil  registers  a  temperature 
of  93°  Fahrenheit. 

2.  That  the  creosote  shall  contain  at 
least  25  per  cent,  of  constituents  that  do 
not  distil  over  a  temperature  of  600° 
Fahrenheit. 

3.  That,  tested  by  the  process  here- 
after to  be  described,  the  creosote  shall 
yield  a  total  of  8  per  cent,  of  tar  acids. 

Process  to  be  Adopted  for  Determining 
the  Coal  Tar  Acids. 

1.  100  c.  c.  of  the  well  mixed  creosote 
is  to  be  distilled  at  a  temperature  of  600° 
Fahrenheit  until  no  further  distillate 
comes  over.  The  distillate  so  obtained, 
is  to  be  mixed  and  well  shaken  in  a  stop- 
pered flask  with  30  c.  c.  of  a  solution  of 
caustic  soda,  having  a  specific  gravity  of 
1,200,  water  being  1,000.  The  mixture 
is  then  to  be  heated.  This  done,  the 
stopper  is  to  be  replaced  in  the  flask,  and 
the  hot  mixture  again  shaken  vigorously 
for  at  least  a  minute. 

The  contents  of  the  flask  are  now  to 
be  poured  into  a  separating  funnel  and 
the  soda  solution  drawn  ofT.  The  creo- 
sote is  to  be  heated  a  second  and  a  third 
time  in  a  similar  manner  with  the  caustic 
soda  solution,  except  that  only  20  c.  c.  of 
the  soda  solution  shall  be  used  for  the 
second  and  third  extractions,  instead  of 
30  c.  c,  as  in  the  first  extraction. 

2.  The  three  soda  solutions  are  now  to 
be  mixed  together.  When  cold  any  par- 
ticles of  creosote  are  to  be  got  rid  of  by 
means  of  a  separating  funnel.  This 
done,  the  solution  is  to  be  thoroughly 
boiled  in  order  to  expel  the  last  traces  of 
creosote  present   in  the  solution.      The 


mixture  is  then  to  be  allowed  to  cool. 
When  cold,  dilute  sulphuric  acid  (1  of 
acid  to  3  of  water)  is  to  be  added  (about 
35  c.  c.  will  be  required)  until  the  solution 
becomes  slightly  acid  to  litmus. 

The  whole  is  then  to  be  poured  into  a 
separating  funnel,  and  allowed  to  stand 
until  perfectly  cold,  and  the  tar  acids 
well  separated. 

3.  The  tar  acids  are  now  to  be  dis- 
solved in  20  c.  c.  of  the  caustic  soda 
solution  (specific  gravity,  1,200),  and  10 
c.  c.  of  water.  The  mixture  is  then  to 
be  boiled  and  filtered  through  a  funnel 
fitted  with  a  plug  of  asbestos.  The  as- 
bestos plug  is  to  be  washed  with  not 
more  than  5  c.  c.  of  boiling  water.  The 
solution  is  to  be  allowed  to  cool  perfectly 
in  a  100  c.  c.  measure.  It  is  then  to  be 
rendered  slightly  acid  with  dilute  sul- 
phuric acid  (1  to  3),  (10  c.  c.  will  prob- 
ably be  found  sufficient  for  this  purpose). 

The  whole  is  again  allowed  to  stand 
for  two  hours  until  perfectly  cold,  when 
the  percentage  of  the  tar  acids  is  to  be 
read  ofT. 

Process  to  be  Adopted  in  Estimating 
the  Quantity  of  Distillate. 
The  operation  is  to  be  conducted  in  a 
retort  (fitted  with  a  thermometer)  im- 
mersed in  an  oil  or  hot  air  bath.  The 
heat  at  first  is  to  be  low,  and  the  temper- 
ature gradually  raised  to  600°  Fahren- 
heit, and  continued  until  no  further  mat- 
ters distil  over. 


Fifty  years  ago  the  construction  of  the 
first  French  railway — that  from  Paris  to 
St.  Germain — was  officially  sanctioned. 
The  late  Emile  Pereire  undertook  to 
make  this  hue  of  18  kilometers  at  his 
own  cost  and  risk.  The  requisite  capi- 
tal of  6,000,000  francs  was  not  easy  to 
raise,  but  the  difficulties  were  surmount- 
ed when  Pereire  won  over  the  Roths- 
childs and  Sampson  Davillers.  The  line 
was  opened  the  27th  of  August,  1837, 
and  became  the  nucleus  of  the  western 
system.  France  has  now  31.000  kilo- 
meters of  railways,  conveying  180,000,000 
passengers  a  vear,  and  the  gross  receipts 
are  1,150,000^000  francs.  Two  hundred 
and  twenty-three  thousand  persons  are 
employed  on  these  railways,  and  the  state 
derives  a  revenue  of  83,000,000  francs 
from  them. 
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THE  WATT  AISTD  HOKSE-POWER 

By  w.  h.  preece. 

From  "  The  Engineer." 


The  most  useful  practical  unit  in  use 
among  electricians  that  has  been  derived 
from  the  CGS  system  of  absolute  meas- 
urement is  probably  the  Watt,  or  the 
rate  of  doing  work  when  a  current  of  one 
ampere  is  maintained  through  a  resistance 
of  one  ohm.  The  work  done  by  an  elec- 
tric current  is  thus  brought  into  intimate 
relation  with  all  other  kinds  of  work. 
The  common  gravitation  unit  rate  of 
working  is  the  horse-power,  which  is  550 
foot-pounds  per  second.  The  absolute 
CGS  unit  is  the  erg  per  second,  or  the 
work  done  in  one  second  in  overcoming 
a  force  of  one  dyne  through  a  distance  of 
one  centimeter.  In  any  electrical  meas- 
urement the  electromotive  force  E  in 
volts  "multiplied  by  the  current  C  in 
amperes  gives  a  product  EC  equivalent 
to  so  many  107  ergs  per  second,  which  is 
the  Watt.  There  are  746  watts  in  a 
horse-power,  and  hence  EC  is  reduced  to 
horse-power  when  it  is  divided  by  746. 
The  rate  at  which  electrical  energy  is  de- 
veloped or  expended  in  any  part  of  any 
circuit  is  given  in  watts  when  we  multiply 
the  number  of  volts  by  the  number  of 
amperes.  Strange  mistakes  are  made  in 
confusing  the  unit  of  power  with  the  unit 
of  work.  No  less  an  authority  than 
Prof  essor  Adams,  F.  R.  S.,  in  his  inaugu- 
ral address  as  President  of  the  Tele- 
graph Engineers  and  Electricians,  spoke 
of  the  watt  as  the  unit  of  work,  and  gave 
its  value  in  kilogrammeters  as  kilogram- 
meters=wattsx. 10192.  It  is  evident 
that  as  the  watt  is  the  unit  of  power,  it 
is  equal  to  .10192  kilogrammeter  per  sec- 
ond, or,  in  other  words,  work  done  at 
the  rate  of  a  kilogrammeter  per  second 
=9.81  watts =g  watts. 

The  horse-power  as  a  unit  has  all  the 
defects  of  an  arbitrary  unscientific  stand- 
ard. It  involves  the  use  of  coefficients, 
and  it  is  not  connected  directly  with  the 
absolute  system  of  measurement.  It 
differs  in  different  parts  of  the  world,  and 
its  name  is  misleading.  It  could  be 
changed  both  in  value  and  name  without 


any  inconvenience  except  to  those  who 
are  familiar  with  the  existing  coefficients 
and  formulse.  If  its  value  were  raised 
34  per  cent,  it  would  become  the  kilowatt, 
and  be  connected  directly  with  the  CGS 
system.  It  would  thus  become  scientific, 
and  diminish  the  use  of  coefficients. 
Even  the  present  name  could  be  retained 
and  its  value  altered  from  746  to  1,000 
watts,  or  from  33,000  foot-pounds  to 
44,233  foot-pounds  per  minute,  without 
any  serious  inconvenience.  Existing 
numbers  expressing  horse-power  would 
simply  have  to  be  multiplied  by  .746  to 
bring  them  to  the  value  of  the  new  unit, 
or  numbers  on  the  new  unit  would  have 
to  be  multiplied  by  1.34  to  express  their 
value  in  the  old  system. 

I  cannot  help  thinking  that  the  good 
work  of  the  British  Association  Com- 
mittee will  not  be  complete  until  the 
CGS  system  is  authoritatively  applied  to 
work  and  power.  The  following  table 
brings  together  nearly,  if  not  all,  the 
units  in  common  use  : 


Horse-power 

== 

33,000  foot-pounds  per  min. 

<< 

= 

550  foot-pounds  per  sec. 

i< 

= 

746  x  10 7  ergs  per  sec. 

cc 

= 

7,460  megergs  per  sec. 

<t 

= 

75.9  kilogram'rs  per  sec. 

(< 

= 

1.01385  force  de  cheval. 

a 

=: 

746  watts. 

Force  de  cheval= 

75  kilogram'rs  per  sec. 

<( 

= 

542.48  foot-pounds. 

<( 

= 

0.9863  horse-power. 

a 

= 

736  watts. 

Watt 

=  . 

0013405  horse-power. 

" 

= 

10 7  ergs. 

a 

= 

10    megergs. 
98.1 ,  ., 

(< 

= 

— —  kilogram'rs  per  sec. 

C( 

= 

.1029  kilogram'rs  per  sec. 

B.  of  T. 

unit 

= 

1,000  watts  per  hour. 

C.  G.  S. 

unit 

= 

erg  per  second. 

Megerg 

= 

10 6  ergs  per  second. 

Watt 

= 

10 7  ergs  per  second. 

According  to  Professor  Dewar,  a  stand- 
ard sperm  candle  develops  240,000  foot- 
pounds per  hour,  or  4,000  foot-pounds 
per  minute.  Now,  since  a  watt  is  equiv- 
alent to  44.2  foot-pounds  per  minute,  it 
follows  that  a  standard  candle  develops 
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■90  watts  per  minute.  Again,  according 
to  the  same  authority,  5  cubic  feet  of 
■coal  gas  in  London  develops  2,500,000 
foot-pounds  per  hour,  or  41,666  foot- 
pounds per  minute,  or  2,976  foot-pounds 
per  candle  per  minute,  which  is  equiv- 
alent to  67  watts  per  minute.  A  good 
glow  lamp  absorbs  2.5  watts  per  candle 
per  minute.  Hence  a  glow  lamp  has  an 
economy  in  energy  of  about  -^-  of  a  gas- 


light and  ^  of  a  standard  sperm  candle. 
A  man  working  very  hard  expends  about 
100  watts  per  minute ;  hence,  if  a  man- 
power is  equal  to,  say,  1  standard  candle, 
it  is  equal  to  1.34  gas  candles  and  to  36 
electric  candles  !  What  a  field  for  econ- 
omy in  lighting,  and  how  essential  it  is 
that  gas  should  be  applied  to  the  pro- 
duction of  power  rather  than  to  the  pro- 
duction of  light. 


TESTS  OF  BITUMINOUS  COALS  FOR  STEAM  MAKING. 


By  JOHN  W.  HILL,  M.  E. 


During  March  of  the  present  year,  the 
writer,  under  direction  of  the  Cincinnati 
Water  Department,  conducted  a  series 
of  tests  of  several  of  the  best  known 
brands  of  bituminous  coal,  in  the  Cincin- 
nati market.  The  results  of  which,  in 
view  of  the  large  quantities  of  coal 
burned  in  each  trial,  and  of  the  unusual 
length  of  trial  and  number  of  observa- 
tions, are  calculated  to  be  of  value  to  en- 
gineers interested  in  steam  making  or 
boiler  performance,  who  may  have  occa- 
sion to  employ  the  same  or  equivalent 
kinds  of  coal. 

The  purpose  of  the  tests  was  to  estab- 
lish a  standard  of  comparison  for  the  de- 
termination of  the  relative  money  value 
to  the  Water  Department  of  such  coals 
as  were,  or  might  be  in  the  future,  avail- 
able in  large  quantities  at  moderate  cost 
for  steam  purposes. 

Four  kinds  of  the  best  known  and 
most  available  coals  were  tried  in  the  fol- 
lowing order:  Pittsburgh  (Youghio- 
gheny)  No.  2,  lump,  furnished  by  W.  H. 
Brown's  Sons,  Cincinnati,  O. ;  Kanawha 
"  Winifrede  "  mines,  lump,  furnished  by 
East  End  Coal  Elevator  Co.,  Cincinnati, 
O. ;  Kanawha  "  Campbell's  Creek  "  mines, 
lump,  furnished  by  the  Campbell's  Creek 
Coal  Elevator  Co.,  Cincinnati;  "Peach 
Orchard"  (Kentucky)  mines,  lump,  fur- 
nished by  Daniel  Stone  &  Co.,  Cincin- 
nati. 

Each  of  these  coals  were  furnished  by 
the  dealers  from  their  local  stocks,  with- 
out previous  intimation  that  it  was 
wanted  for  test  purposes,  and  the  sev- 
eral results  may  be  accepted  as  fair  aver- 
ages for  ordinary  market  coal  of  the  dif- 
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ferent  brands,  under  similar  conditions 
of  use. 

Each  kind  of  coal  was  burned  continu- 
ously under  the  boilers  for  forty-eight 
hours,  the  firemen  changing  watch  every 
six  hours. 

In  order  that  the  conditions  might  be 
as  nearly  alike  as  possible  for  the  several 
kinds  of  coal,  the  same  boilers,  supplying 
steam  to  the  same  engines,  at  same  press- 
ures, and  nearly  similar  temperatures  of 
feed  water,  and  the  same  firemen  were 
used. 

Battery  of  boilers  No.  9  were  selected 
for  the  tests ;  these  consist  of  four  re- 
turn-flue boilers  of  the  following  dimen- 
sions : 

Length  of  shells 26.66  ft. 

Diameter    ,,      52.75  in. 

Flues  (each   boiler),  2  11,  2  11.75,  1  15.5  in. 
diam. 

Grate 4-ft.  bars,  width  of  grate  19.5  ft. 

Heating  surface  (4  boilers) 2230.  sq.  ft. 

Grate  "  "  78.  sq.  ft. 

Chimney  (sheet-iron) diameter  5.  ft. 

"        height  from  grate 91.5  ft. 

Cross  section  of  flues 16.544  sq.  ft. 

"        "       chimney 19.635  sq.  ft. 

Ratio  heating  to  grate  surface 28.59 

Ratio  grate  surface  to  cross  sec- 
tion of  chimney 3.9725 

Ratio  grate  surface  to  cross  sec- 
tion of  flues 4.7147 

Distance  from  grate  to  boiler front,  22.  in. 

"  back,  28.  in. 

Distance  from  floor  to  top  of  up- 
take   16.5  ft. 

Distance  from  grate  to  floor  of  ash 

pit 29  in. 

The  bridge  wall  of  these  boilers  is 
built  close  up  under  the  shells,  with  an 
opening  (one  under  each  boiler)  through 
it,  26  in.  wide  by  26  in.  high,  with  an 
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arched  top.  The  length  of  this  opening, 
or  passage  for  the  products  of  combus- 
tion, through  the  bridge  wall  is  5.5  feet 
at  the  grate  level,  and  3.5  feet  under  the 
arched  top.  This  perforated  bridge  wall 
was  introduced  by  a  former  engineer  of 
the  works  as  a  means  of  preventing 
smoke  with  soft  coal,  for  which  purpose 
it  is  an  admirable  failure. 

Omitting  the  peculiar  construction  of 
the  bridge  wall,  which,  in  the  judgment 
of  the  writer,  was  not  calculated  to  im- 
prove the  economy  of  the  setting,  there 
was  nothing  in  the  furnace  or  boilers 
calculated  to  vary  the  economy  of  per- 
formance from  that  of  the  usual  return- 
flue  boiler  with  the  same  quality  of 
fuel.* 

The  tests  were  made,  however,  for 
purposes  of  comparison,  and  not  for  ab- 
solute values  of  the  coals  burned,  and,  as 
previously  stated,  the  conditions  for  the 
several  coals  were  as  nearly  the  same  as 
it  was  possible  to  obtain. 

The  steam  from  the  boilers  was  con- 
sumed by  engines  No.  7  or  8,  or  by  both  of 
them,  as  they  were  run  during  the  trials. 

The  coal  fired  was  weighed  into  the 
boiler-room  in  charges  or  barrow-loads 
of  300  pounds,  and  checked  by  the  regu- 
lar coal-weigher  and  by  an  assistant  ap- 
pointed for  the  purpose  of  the  trials. 

The  boilers,  according  to  the  condition 
of  the  feed-water  used,  are  usually  oper- 
ated without  stoppage  or  banking  of 
fires  for  two  or  three  weeks,  night  and 
day  continuously,  and  had  been  in  ser- 
vice for  several  days  previous  to  the 
tests. 

At  the  end  of  each  regular  watch  of 
six  hours,  or  at  6  a.  m.,  12  m.,  6  p.  m. 
and  12  midnight,  the  fires  were  cleaned 
jointly  by  the  fireman  going  off  watch 
and  the  fireman  coming  on  ;  and  the  ash, 
clinker,  and   unburnt   coal  were   drawn 


*  Mr.  Chas.  Herniany,  in  18722  tested  No.  6  boilers 
of  same  general  pattern,  containing  5  boilers  28  feet 
long  by  72  inches  diameter,  with  8  9-inch  flues  each, 
aggregating  4,346  square  feet  heating  surface,  and 
133.76  square  feet  grate  surface,  which,  with  Pitts- 
burg Second  Pool  stock  coal,  gave  an  evaporation 
from  and  at  212  F.  of  10.12  pounds  of  steam  per  pound 
of  coal. 

Messrs.  Hill,  Moore,  and  Ahrens,  as  a  committee 
of  investigation,  in  1879,  tested  a  battery  of  return- 
flue  boilers,  at  Hunt  Street  Pumping  Station,  Cincin- 
nati, containing  2  boilers,  each  24  feet  long  by  48 
inches  diameter,  with  2  10-inch  and  4  8-inch  flues 
each,  aggregating  1082.98  square  feet  of  heating  sur- 
face and  19.04  square  feet  of  grate  surface,  with  Pitts- 
burg Second  Pool  picked  coal,  giving  an  evaporation 
from  and  at  212  F.  of  10.627  pounds  of  steam  per  pound 
of  coal. 


from  the  ash  pits  and  dumped  into  the? 
gallery  under  the  boiler-room  floor. 

The  coal  burned  by  each  fireman  dur- 
ing his  watch  of  six  hours,  was  separately 
charged  up  to  the  boilers  under  the  title 
of  the  fireman  on  duty. 

During  the  tests  of  coal,  the  usual 
method  of  changing  the  firemen,  cleaning 
the  fires  and  ashpits,  and  charging  the 
coal  to  the  watch  was  observed,  and  in 
addition  thereto  the  ash,  clinker  and  un- 
burnt coal  were  weighed  up  after  the 
firemen  were  changed  at  the  end  of  a 
watch. 

The  water  supplied  to  the  boilers  was 
drawn  from  the  main  into  a  tight  tank  of 
about  sixty  (60)  cubic  feet  capacity, 
mounted  upon  a  Howe  dormant  scale,  in 
which  it  was  weighed  in  net  charges  of 
(nominally)  3,200  pounds  each,  and  dis- 
charged into  a  second  tank  of  about  fifty- 
four  and  one-half  (54^)  cubic  feet  capac- 
ity, from  which  it  was  drawn  by  the 
boiler  feed  pump.  The  suction  pipe  of 
the  boiler  feed  pump  connected  with  the 
second  water-tank  and  the  discharge 
pipe  of  the  boiler  feed  pump,  through 
the  feed-water  heater,  and  thence  to  the 
boilers,  were  known  to  be  tight,  and  all 
connections  with  these  pipes  were  either 
closed  by  tight  valves  or  cut  off  entirely 
during  the  trial,  to  prevent  any  water 
going  to  the  boilers  or  pump,  save  that 
weighed  from  the  mains,  and  similarly,, 
to  prevent  any  of  the  weighed  water  be- 
ing diverted  in  transit  to  the  boilers. 
The  scale  for  weighing  the  water  was 
new  and  very  sensitive  to  slight  changes 
of  weight. 

Hourly  tests  for  the  quality  of  steam 
were  made  during  the  trials.  The  Howe 
platform  scale  used  for  weighing  the 
water  and  condensation,  was  new  and 
extremely  sensitive  to  change  of  load  and 
graduated  to  weigh  to  eighths  of  a 
pound.  The  thermometer  used  for  cal- 
orimeter purposes  was  graduated  to  sin- 
gle degrees,  with  large  divisions  of  the 
scale,  and  could  easily  be  read  to  fifths 
of  a  degree. 

The  average  initial  and  final  readings 
of  this  thermometer  for  each  trial,  were 
corrected  to  agree  with  the  correspond- 
ing readings  of  a  Green  U.  S.  Signal 
Service  thermometer,  to  obtain  the  true 
observed  temperatures. 

Readings  of  steam-gauge  were  taken 
regularly  every  fifteen  minutes. 
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Readings  of  water  level  in  the  boilers, 
temperatures  of  feed-water  to  boilers,  air 
in  boiler  room  and  external  atmosphere 
were  taken  regularly  every  half-hour  dur- 
ing the  trials. 

The  barometer  was  read  hourly.  The 
temperature  of  water  in  the  weighing 
tank  was  read  for  each  tank  charged  to 
the  boilers. 

Attempts  were  made  to  take  the  tem- 
perature of  the  waste  gases,  by  mercurial 


thermometers,  and  then  by  pyrometer, 
but  owing  to  an  occasional  temperature 
beyond  the  raoge  of  these  instruments,  a 
connected  record  could  not  be  obtained, 
and  occasional  tests  were  made  with  rods 
of  iron  inserted  at  the  base  of  chimney, 
with  the  results  given  in  the  table  of 
data  from  trial  of  Winifrede  coal. 

In  the  following  tables  are  given  the 
general  observed  and  calculated  data  for 
the  several  trials. 


Experiment  with  "Pittsburg"  Lump  Coal. 
Trial  began  at  6  p.  m.  March  16th,  and  ended  at  6  p.  m.  March  18th. 

Duration 48  hours. 

(Shea 18      " 

Firemen  1  Friel 18      " 

(Dowd 12      " 

Steam  pressure  (observed)  mean 90.125    pounds. 

"               (corrected)     "     84.985         " 

"Water  level,  mean 4.423    inches. 

Feed  water  temperature  (observed) 181.709    Fahr. 

"                   "            (corrected) 182.85         " 

Barometer 29.534    inches. 

Air,  boiler  room,  mean  temperature 41.013    Fahr. 

"     external                  "                      24.747    Fahr. 

Water  in  tanks              "                     40.181       " 

Totals. 

Water  pumped  into  boilers 799,438          pounds. 

Coal  burned 77,400 

Ash,  clinker  and  unburned  coal  from  ashpits 4,619.5              " 

Calorimeter. 

Water  heated  (average  each  test) 200.         pounds. 

Steam  condensed  (average  each  test) 10.5625        " 

Initial  temperature  (observed) 54.698    Fahr. 

Initial  temperature  (corrected) 54.7021      ' ' 

Final            "            (observed)... 111.375        " 

"            (corrected) 111.5547      " 

Range         "            (absolute) 56.8526      " 

Heat  units  per  pound  of  steam 1,188.0537 

Thermal  value  of  steam  at  corrected  pressure  (per  pound). . .  1,213.78 

Difference 25.7263 

Latent  heat  of  steam  at  corrected  pressure  (per  pound) 883.08 

Efficiency  of  the  steam 0.9788 

Water  entrained  in  the  steam 2.913   per  cent. 

Economic  Results. 

Water  to  boilers  per  pound  of  coal 10.264    pounds. 

Steam  per  pound  of  coal  from  temperature  of  feed 9.965         " 

Steam  per  pound  of  coal  from  and  at  212°  Fahr 10.6386        " 

Steam  per  pound  of  combustible  from  and  at  212°  Fahr 11.314         " 

Capacity  Results. 

Average  evaporation  per  hour 16,068.56     pounds. 

"        coal  burned      "         1,612.50           " 

Steam  per  hour  per  square  foot  of  heating  surface  from  tem- 
perature of  feed 7.206         " 

Coal  per  hour  per  square  foot  of  grate  surface 20.673         " 
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EXPEEIMENT   WITH    "  WlNIFEEDE "   LUMP  COAL. 

Trial  began  at  6  p.  m.  March  18th,  and  ended  at  6  p.  m.  March  20th. 

Duration 48  hours. 

!Dowd 18  hours. 
Shea 18  hours. 
Friel 12  hours. 

Steam  pressure  (observed)  mean. .... 90.148    pounds. 

(corrected)    "      85.008 

Water  level,  mean 4.513   inches. 

Feed  water  temperature  (observed) 179.782    Fahr. 

"  "  (corrected) 180.881 

Barometer,  mean 29. 384    inches. 

Air,  boiler  room,  mean  temperature 38.505    Fahr. 

Air,  external,  "  23.552 

Water  in  tank,  "  : 40.705        " 

Waste  gases,  "  580.300 

Totals. 

Water  pumped  into  boilers 791,119    pounds. 

Coal  burned 78,900        " 

Ash,  clinker  and  unburned  coal  from  ashpits 4,885        " 

Caloeimeter. 

Water  heated  (average  each  test) 200.         pounds. 

Steam  condensed  (average  each  test) 10.835        " 

Initial  temperature  (observed) 53.15      Fahr. 

"                      (corrected) 53.1532      " 

Final  temperature  (observed) 110.872        " 

"                      (corrected) 111.0485      " 

Kange  temperature,  absolute 57.8953      " 

Heat  units  per  pound  of  steam , 1,179. 720 

Thermal  value  of  steam  at  corrected  pressure  (per  pound) 1,213.795 

Difference 34.075 

Latent  heat  of  steam  at  corrected  pressure  (per  pound) 883.049 

Efficiency  of  the  steam '. 0.917 

Water  entrained  in  the  steam 3.859    per  cent. 

Economic  Results. 

Water  to  boilers,  per  pound  of  coal 10.0268  pounds. 

Steam  per  pound  of  coal  from  temperature  of  feed 9.6398      " 

from  and  at  212°  Fahr 10.3107      " 

"         ' '  of  combustible  from  and  at  212°  Fahr 10. 992        " 

Capacity  Results. 

Average  evaporation  per  hour 15,845.421  pounds. 

"        coal  burned        "         1,643.75  " 

Steam  per  hour,  per  square  foot  of  heating  surface,  from 

temperature  of  feed 7.105  " 

Coal  per  hour,  per  square  foot  of  grate  surface 21.737  " 

Experiment  with  "Campbell's  Ceeek"  Lump  Coal. 
Trial  began  at  6  p.  m.  March  20,  and  ended  at  6  p.  m.  March  22. 

Duration. 48  hours. 

(  Friel 18     " 

Firemen  <  Dowd 18    " 

(Shea 12     " 

Steam  pressure  (observed)  mean 90.568   pounds. 

(corrected)     "      85.428        " 

Water  level,  mean 4.302    inches. 

Feed  water  temperature  (observed) 168.219   Fahr. 

"  "  (corrected) 169.085        " 

Barometer,  mean 29.553   inches. 

Air  boiler-room,  mean  temperature 35. 638    Fahr. 

Air  external  "  25.597 

Waterintank  "  38.921 
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Totals. 

Water  pumped  into  boilers 758,675    pounds. 

Coal  burned 77,700 

Ash,  clinker,  and  unburned  coal  from  ashpits 5,390        " 

Caloeimetee. 

Water  heated  (average  each  test) 200.         pounds. 

Steam  condensed     "            "        10.655        " 

Initial  temperature  (observed) 49.628    Fahr. 

(corrected) 49.6297      " 

Final  temperature  (observed) '. 106.75          " 

(corrected) 106.9009      " 

Range  temperature  (absolute) 57.2712      " 

Heat  units,  per  pound  of  steam 1181.9117 

Thermal  value  of  steam  at  corrected  pressure,  per  pound 1213.85 

Difference 31.938 

Latent  heat  of  steam  at  corrected  pressure,  per  pound 882.91 

Efficiency  of  the  steam 0.9737 

Water  entrained  in  the  steam 3.617    per  cent. 

Economic  Results. 

Water  to  boilers,  per  pound  of  coal 9.7642  pounds. 

Steam  per  pound  of  coal  from  temperature  of  feed 9.411        " 

Steam  per  pound  of  coal  from  and  at  212°  Fahr 10.1808      " 

Steam  per  pound  of  combustible  from  and  at  212°  Fahr 10.94          " 

Capacity  Results. 

Average  evaporation  per  hour 15,234.056    pounds. 

coal  burned        "        1,618.75 

Steam  per  hour  per  square  foot  of  heating  surface,  from 

temperature  of  feed 6.8314      " 

Coal  per  hour  per  square  foot  of  grate  surface 20.7532      " 

Expebiment  with  "Peach  Oechabd"  Lump  Coal. 

Trial  began  at  6  p.  m.  March  22,  and  ended  6  p.  m.  March  24. 

Duration 48  hours. 

(Shea 18     " 

Firemen  ■<  Friel 18    " 

(Dowd 12     " 

Steam  pressure  (observed)  mean 90.771    pounds. 

"                (corrected)     " 85.631        " 

Water  level 4.295    inches. 

Feed  water  temperature  (observed) 170.916    Fahr. 

(corrected)  171.833.      " 

Barometer,  mean 29.706    inches. 

Air  boiler-room,  mean  temperature ...  38.843    Fahr. 

Air  external,                 "                    29.742        " 

Water  in  tank              "                    38.396 

Totals. 

Water  pumped  into  boilers 744,425    pounds. 

Coal  burned 78,600 

Ash,  clinker,  and  unburned  coal  from  ashpits 5,740        " 

Caloeimetee. 

Water  heated  (average  each  test) 200.         pounds. 

Steam  condensed  (average  each  test) 10.824        " 

Initial  temperature  (observed) 50.542    Fahr. 

"                      (corrected) 50.544        " 

Final  temperature  (observed) 108.054        " 

(corrected) 108.2127      " 

Range  temperature  (absolute) 57. 6687      ' ' 

Heat  units  per  pound  of  steam 1,173.7837 

Thermal  value  of  steam  at  corrected  pressure 1,213.922 

Difference 40.138 

Latent  heat  of  steam  at  corrected  pressure 882.74 

Efficiency  of  the  steam 0  9669 

Water  entrained  in  the  steam 4.547    per  cent. 
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Economic  Results. 


Water  to  boilers  per  pound  of  coal 

Steam  per  pound  of  coal  from  temperature  of  feed 

Steam  per  pound  of  coal  from  and  at  212°  Fahr 

Steam  per  pound  of  combustible  from  and  at  2123  Fahr. 


9.4716  pounds 
9.0409       " 
9.756 
10.524 


Capacity  Results. 

Average  evaporation  per  hour 14,804.47     pounds. 

"        coal  burned        "        1,637.5 

Steam  per  hour  per  square    foot  of  heating  surface  from 

temperature  of  feed 6.639        " 

Coal  per  hour  per  square  foot  of  grate  surface 20.994        " 


Pittsburg  Lump. . , 

Winifrede 

Campbell's  Creek. 
Peach  Orchard. . . 


Percentage  of  Non-Combustible. 


5.9683 
6.1914 
6.9369 
7.3028 


The  relative  values  of  the  several  coals 
based  on  performance  of  the  coal,  are 
shown  by  the  following  comparison  call- 
ing "  Pittsburg  "  coal  1000,  then  "  Wini- 
frede ranks  969,  "  Campbell's  Creek " 
957,  and  "Peach  Orchard"  917.  "While 
the  relative  values  based  on  performance 
of  combustible,  are  : 

"  Pittsburg  " 1000. 

"  Winifrede  " 972. 

' '  Campbell's  Creek  " 967. 

"  Peach  Orchard  " 930. 


The  comparison  by  combustible  has 
no  commercial  value  excepting  the  coals 
should  be  contracted  for  upon  basis  of 
combustible. 


During  the  trials  samples  of  each  kind 
of  coal  burned  were  boxed,  and  subse- 
quently sent  to  a  competent  chemist,  who 
analyzed  the  same  with  the  following  re- 
sults : 


Analyses  of  Coal. 


Coals. 

Pittsburgh. 

Winifrede. 

Campbell's 
Creek. 

Peach 
Orchard. 

Fixed  carbon. . 
Volatile  matter 

Moisture 

Sulphur 

Ash 

59.88 

33.71 

'  '       1.87 

0.44 

4.10 

57.21 

37.58 

1.93 

0.56 

2.72 

53.24 

34.23 

2.15 

0.72 

9.66* 

52.83 

36.83 

4.60 

0.76 

4.98 

100.00 

100.00 

100.00 

100.00 

In  the  appended  tables  is  given  a  sum- 
mary of  the  trials,  in  parallel  columns,  and 
the  individual  work  of  the  firemen  with 


the  several  coals,  all  of  whom  exhibited 
commendable  skill  in  manipulating  the 
coal  and  the  boilers  during  the  trials. 


SUMMAET  OF  TEIALS. 


Coal  burned 

Pittsburgh. 

Winifrede. 

Campbell's 
Creek. 

Peach 

Orchard. 

Dates  of  trial 

Mar.  16-18 
48 

84.985 
181.709 

Mar.  18-20 
48 
85.008 

179.782 

Mar.  20-22 
48 

85.428 
168.219 

Mar.  22-24 

Duration  of  trial,  hours 

Mean  steam  pressure 

48 
85.631 

"     temp,  feed  water 

170.916 

*  The  ash  found  for  Campbell's  Creek  coal  by  analysis  must  be  an  error,  from  the  fact  that  the  non-com- 
bustible (6.9369  per  cent,  of  original  weights  of  coal  burned  on  the  grate)  includes,  in  addition  to  ash  and 
clinker  (non-combustible)  some  combustible  which  filtered  through  the  grates  in  charging  coal  and  breaking 
the  fires. 
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Sumaiaey  of  Tbials  {Continued). 


Coal  burned 

Dates  of  trial , 

3Iean  temp,  atmosphere  boiler-room 

• '    barometer 

Total  coal  burned,  pounds , 

Coal  per  hour  "      

"     "    square  foot  of  grate   surface) 

per  hour,  pounds > 

Steam  per  square  foot  of  heating  sur-  \ 

face  per  hour j" 

"Water  entrained  in  steam,  per  cent 

Steam  per  pound  of  coal  from  and  at ) 

212=  Fahr f 

Steam  per  pound  of  combustible  from> 

and  at  212:  Fahr J 

Relative  value  based  on  coal 

"            "        "           combustible.... 
Percentage  of  non-combustible 


Pittsburgh. 

Winifrede. 

Campbell's 
Creek. 

Peach 

Orchard. 

Mar.  16-18. 
41.013 
29.534 
77,400. 
1,612.5 

Mar.  18-20. 
38.505 
29.384 

78,900. 
1,643.75 

Mar.  20-22. 
35.63S 
29.553 

77,700. 
1,618.75 

Mar.  22-24. 
38.843 
29.706 

78,600. 
1,637.5 

20.673 

21.737 

20.753 

20.994 

7.206 

7.105 

6.831 

6.639 

2.913 

3.859 

3.617 

4.547 

10.638 

10.310 

10.181 

9.756 

11.314 

10.992 

10.940 

10.524 

1000. 
1000. 
5.968 

969. 

972. 
6.191 

957. 
967. 
6.937 

917. 
930. 
7.303 

Gexebal  Avebages. 
pittsbregh  ixmp  coal. 


Firemen. 


Coal. 


i  Steam  from  and 
at  212°  Fahr.  per 
i  pound  of  coal,   j 


Percentage 
of  Ash. 


Shea 
Eriel  . 
Dowd 


Pounds . 
312,037.99 
293.754.03 
188.645.95 


Pounds, 
29,100 
28,350 

19,950 


Pounds . 
11.1054 
10.7421 
10.3229 


6.6579 
5.8305 
5.1783 


WIXIFEEDE    LUMP   COAL. 


Firemen.                       Water. 

Coal. 

Steam  from  and 

at  212 3  Fahr.  per 

pound  of  coal. 

Percentage 
of  Ash. 

Dowd    

Pounds. 
287,971.33 
301.844.28 
201,303.39 

Pounds. 
29,400 
30.000 
19,500 

Pounds. 
10.0649 
10.3372 
10.6167 

5.6383 

Shea    

6.4353 

Friel 

6.6035 

CAMPBELL  S    CEEEK    COAL. 


Firemen. 

Water. 

Coal. 

Steam  from  and 

at  212°  Fahr.  per 

pound  of  coal. 

Percentage 
of  Ash. 

Friel 

Pounds.                 Pounds. 
276.890                    28.800 
283.125                     29,100 
198,660                    19,800 

Pounds . 
10.0537                      6.3705 

Dowd 

Shea 

10.0387 
10.4523 

6.5410 
8.3756 
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PEAOH    OEOHARD    GOAL. 


Firemen. 

Water. 

Coal. 

Steam  from  and 

at  212°  Fahr.  per 

pound  of  coal. 

Percentage 
of  Ash." 

Shea 

Pounds . 
289,578.97 
264,305.88 
190.540.15 

Pounds . 
30,300 
28,800 
19,500 

Pounds . 

9.8493 

9.4599 

10.0566 

8.3733 

Friel 

6.5247 

Dowd 

6.7964 

THE  SLIDE  RULE. 


By  C.  V.  BOYS. 


It  is  a  perpetual  source  of  amazement 
to  those  who  are  familiar  with  this  in- 
strument that  its  use  is  not  almost  uni- 
versal. People  of  every  class  have  to 
make  simple  calculations,  while  those  en- 
gaged .in  scientific  work,  in  designing 
apparatus,  or  in  invention,  perpetually 
cover  sheets  of  paper  with  figures,  all  of 
which  trouble,  and  the  loss  of  timevvhich 
it  involves,  might  be  saved  by  the  intelli- 
gent use  of  a  good  slide  rule,  and  yet, 
for  reasons  difficult  to  find  out,  the  ha- 
bitual use  of  this  instrument  is  limited 
to  a  very  small  proportion  of  the  calcu- 
lating community. 

Most  people  know  that  the  scales  are 
logarithmically  divided — that  is,  that  the 
distance  between  the  divisions  marked  1 
and  10  being  in  imagination  divided  into 
10,000  parts,  the  division  marked  2  is  at 
the  3010th  of  these  parts,  the  division 
marked  3  is  at  the  4771st  of  these  parts, 
and  so  on,  3010  being  the  log.  of  2,  4771 
the  log.  of  3,  and  so  on,  and  further,  that 
the  spaces  between  these  whole  numbers 
are  similarly  divided  into  fractional  parts, 
thus  1.1  is  at  the  414th  of  the  imaginary 
parts,  and  1.01  at  the  43d  of  these  parts, 
414  and  43  being  the  logs,  of  1.1  and 
1.01.  This  is  very  generally  known,  but 
it  is  more  generally  believed  that  to  use 
the  rule  involves  so  much  thought  and 
anxiety  that  it  is  far  simpler  to  work  out 
results  in  the  usual  way,  or  at  any  rate 
that  the  rule  can  only  be  of  any  real  as- 
sistance when  a  great  number  of  similar 
calculations  have  to  be  made ;  and  further, 
that  as  the  results  to  be  obtained  are 
not  absolutely  correct,  that  as  an  extreme 
error  of  1,  -fa,  or  y^-  per  cent,  is  possi- 


ble, according  to  the  nature  of  the  in- 
strument, it  is  not  really  to  be  trusted. 
These  objections  are  easily  answered.. 
As  soon  as  the  slight  difficulty  of  reading 
the  rule  has  been  overcome — a  difficulty 
due  to  the  fact  that  in  ascending  the  scale 
the  divisions  become  closer,  so  that  if 
there  is  room  for  ten  subdivisions  be- 
tween 10  and  11,  there  are  only  five  be- 
tween 20  and  21,  and  two  between  40 
and  41 — a  difficulty  which  once  overcome 
never  recurs — then  the  simpler  calcula- 
tions, such  as  multiplication,  division  and 
simple  proportion  can  at  all  times,  with- 
out an  effort  or  a  thought,  be  instantly 
performed,  while  those  involving  propor- 
tions in  which  some  of  the  terms  are 
squares,  cubes,  roots,  sines,  or  tangents- 
can,  after  a  moment's  reflection,  be  as 
easily  completed,  so  that  even  in  the  case 
of  single  operations  time  is  saved.  It  is 
true  when  many  calculations  of  the  same 
kind  present  themselves,  especially  if 
some  of  the  terms  in  the  series  are  iden- 
tical, that  the  use  of  the  rule  is  specially 
advantageous ;  but  in  any  case  mental 
labor  and  time  are  saved. 

As  to  the  probable  accuracy  of  results 
obtained  by  the  use  of  the  rule,  they  are 
in  general  superior  to  the  accuracy  with 
which  the  figures  which  require  reduction 
have  been  determined,  or,  if  this  is  not 
the  case,  they  are  in  general  so  nearly 
correct  that  the  error  is  of  no  conse- 
quence. For  instance,  if  the  marks  ob- 
tained by  several  examinees  are  to  be 
reduced  to  correspond  to  a  total  of  100, 
the  commonest  rule,  which  gives  an  ac- 
curacy of  -g-^-g-  part,  is  sufficiently  good,, 
for  the  nearest  whole  number  only,  and. 
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the  right  order  are  all  that  are  needed. 
It  would  be  absurd  to  doubt  the  accuracy 
of  the  instrument  because  it  cannot  be 
trusted  to  give  figures  correct  to  one  part 


in  a  thousand.     Or. 


if  the  weight 


of  a  piece  of  metal  has  to  be  determined 
from  its  dimensions,  a  good  rule,  trust- 
worthy to  1  part  in  1,000,  will  in  almost 
every  case  be  more  than  good  enough ; 
for,  even  if  the  specific  gravity  of  the 
material  be  known  so  truly,  it  is  not  often 
that  the  piece  can  be  made  so  near  the 
specified  size  that  the  discrepancy  which 
may  ultimately  be  observed  will  be  due 
more  to  the  error  of  the  rule  than  to  the 
inaccuracy  of  construction.  In  such  a 
case  it  would  be  as  absurd«to  discard  the 
rule  as  untrustworthy  as  it  is  to  use 
7-figure  logarithms  for  the  calculations 
of  an  ordinary  chemical  analysis.  There 
are  cases,  of  course,  where  observations 
can  be  made  with  a  degree  of  accuracy 
beyond  that  which  is  obtainable  by  any 
rule  —  for  instance,  determinations  of 
mass,  length,  angles,  and  time  can  all  be 
made  with  extraordinary  precision. 
Where,  then,  uncertainty  is  not  intro- 
duced by  observations  of  another  kind, 
where  the  entire  precision  to  be  obtained 
in  any  such  observations  may  be  expected 
in  the  result,  as,  for  instance,  in  the  de- 
termination of  the  refractive  index  of  the 
glass  of  a  prism,  in  such  cases  the  slide 
rule  is  unsuitable,  and  tables  of  logar- 
ithms furnish  the  most  obvious  means  of 
making  the  calculations.  Or,  again,  when 
pounds,  shillings  and  pence  are  involved, 
a  result  correct  to  the  nearest  farthing  is 
generally  desired  to  make  accounts  come 
right,  and  so,  unless  the  sums  dealt  with 
are  moderate,  the  slide  rule  is  again  un- 
suitable. However,  the  calculation  of  in- 
terest furnishes  a  good  example  of  proper 
and  improper  use  of  the  rule  in  making 
calculations.  If  it  is  required  to  find 
what  a  certain  sum  (s)  will  be  worth  at 
the  end  of  a  year,  at  so  much  (r)  per 
cent.,  the  result  might  be  found  from  the 
proportion  100  :  100  -f  r  :  :  s  :  x.  Here, 
the  amount  x  would  be  determined  with 
an  accuracy  of,  say,  y^ -g-  part,  so  that  if 
£1,000  were  involved,  an  error  of  £1 
might  arise.  This  is  an  improper  use  of 
the  rule.  A  greater  degree  of  accuracy 
would  be  obtained  by  the  proportion 
100  :  r  :  :  s  :  the  increase  of  s.  Here  the 
interest  is  found  to  the  same  proportion- 
ate accuracy,  and  so,  in  such  a  case  the 


i  greatest  possible  error  could  only  be  one 
shilling,  if  the  rate  is  five  per  cent.  This 
example,  though  obvious,  is  given  because 
it  corresponds  exactly  with  cases  that 
I  arise  in  the  laboratory,  where  the  rule,  if 
used  properly,  is  of  service,  but,  if  im- 
properly, is  useless. 

Calculations  involving  only  the  simple 
arithmetical   rules,  when    extreme   accu- 
racy is  required,  are  best   performed  by 
the  help  of  a  table  of  logarithms,  or  with 
|  an  arithmometer ;  in  fact,  with   an  arith- 
i  mometer  a  far  greater  degree  of  accuracy 
can  be  reached  than  with   ordinary  7-fig- 
ure logarithms,  and  though  they  are  also 
suitable   for   calculations  in  which  only 
three  or  four  significant  figures  are  re- 
I  quired,  their  great  size  and  expense  com- 
!  pare  unfavorably  with  the  portability  and 
cheapness   of    the   rule,  and,   moreover, 
trigonometrical  and  logarithmic  functions 
cannot  be  found  with  them.     These   ma- 
|  chines  are  shown  at  the  Inventions  Ex- 
!  hibition  by  Tate  and  Edmonson,  and  are 
worth  examining.     There  is  another  cal- 
j  culating  machine    close    to    Tate's,    by 
which  the   interest  on  any  sum   at  any 
rate  per  cent,  for  any  time  may  be  found 
to  the  nearest  halfpenny  in  an  incredibly 
short  space  of  time,  worthy  of  the  atten- 
tion of  those  who  have  to  calculate  in- 
terest. But,  to  return  to  the  slide  rule,  it 
is  astonishing  that  an   instrument   like 
Gravet's,    10    inches    long,    only,    with 
which  all  calculations,  arithmetical,  trigo- 
nometrical,    and     logarithmic,    can     be 
worked  out  so  easily  and  with  an  accu- 
racy of  from  T±-¥  to  y-oVo'  according  to 
the  nature  of  the  calculation,  should  be 
so  little  used. 

This  is  not  the  place  to  give  instruc- 
tions for  using  the  rule,  but  an  outline 
of  the  method  is  necessary  to  make  it 
possible  to  compare  the  different  makes, 
many  of  which  are  shown  at  the  Inven- 
tions Exhibition. 

With  two  similar  scales  of  equal  parts, 
as  inches  divided  into  tenths,  or  centi- 
meters divided  into  millimeters,  it  is  pos- 
sible to  add  numbers,  or,  conversely,  to 
subtract  numbers  ;  thus,  if  the  zero  of 
one  scale  is  placed  opposite,  say,  6.5  of 
the  other,  opposite  every  number  n  on 
the  first  will  be  found  n  +  6.5  on  the  sec- 
ond, and  so  addition  or  subtraction  could 
be  performed,  but  there  would  be  no  ad- 
vantage in  so  adding  or  subtracting.  In 
the  same  way  the  slide  of  the  ordinary 
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slide  rule  is  employed  to  add  distances, 
but  these  distances  do  not  correspond  to 
the  figures  attached,  but  to  the  loga- 
rithms of  those  figures,  and  so  the  sum 
which  is  found  by  such  an  addition  is  not 
the  sum  of  the  figures  apparently  added, 
but  their  product.  If  the  slide  is  placed 
at  random,  all  the  pairs  of  figures  which 
are  opposite  to  one  another  are  in  the 
same  proportion,  and  the  multipliers 
which  will  change  either  series  into  the 
other  will  be  found  on  each  scale  oppo- 
site the  divisions  marked  1  on  the  other. 
It  requires  no  great  amount  of  memory 
to  bear  this  in  mind:  however  the  slide 
may  be  set,  those  numbers  which  are  op- 
posite to  one  another  are  in  the  same 
proportion,  i.  e.,  have  a  common  quotient, 
which  may  be  found  opposite  any  of  the 
divisions  marked  1 ;  and  yet  this  is  all 
that  has  to  be  remembered  in  multiplica- 
tion, division,  and  simple  proportion. 
The  two  top  lines  of  a  slide  rule  are  gen- 
erally identical,  and  they  are  used  for 
these  simple  operations ;  they  are  gen- 
erally distinguished  by  the  letters  A  and 

B.  In  general,  the  bottom  line  of  the 
slide,  that  is,  the  third  altogether,  is 
identical  with  the  first  two,  and  is  labeled 

C.  This  arrangement  is  convenient,  for 
it  is  possible  to  insert  the  slide  upside 
down,  in  which  case  all  numbers  which 
are  opposite  one  another  on  A  and  C 
have  a  common  product,  which  may  be 
found  opposite  any  of  the  divisions 
marked  1.  This  furnishes  the  most 
ready  mode  of  finding  actual  or  approxi- 
mate factors  of  numbers,  and  is  of  great 
use  to  those  who  have  to  calculate  wheel- 
work  ;  further,  by  the  use  of  the  inverted 
'C  line  under  the  A  line,  any  harmonical 
progression  can  at  once  be  read,  and  any 
number  of  harmonic  means  can  be  insert- 
ed between  two  quantities.  The  fourth 
line  is  generally  made  different  from  the 
others,  in  that  it  is  on  double  the  scale, 
and  it  is  then  distinguished  by  the  letter 

D.  If  the  units  of  the  C  and  D  line 
are  placed  opposite  one  another,  a  table 
of  squares  and  roots  is  formed,  or,  if  in 
any  other  position,  the  squares  of  the 
numbers  on  D  vary  in  the  same  propor- 
tion, as  do.  the  numbers  that  are  opposite 
to  them  on  C.  It  is  in  calculations  made 
on  the  C  and  D  lines  that  so  much  time 
is  saved,  for  proportions  in  which  some 
of  the  terms  are  squares  or  square  roots 
<can  be  worked  out  as  quickly  and  as  ac- 


curately as  those  in  which  simple  num- 
bers only  are  employed.  If  the  slide  is 
inverted  so  as  to  bring  the  B  line  oppo- 
site to  the  D  line,  then  the  square  of  any 
number  on  D  X  the  number  opposite  to 
it  on  B  is  constant.  This  product  may, 
of  course,  be  found  in  B  opposite  1  in 
D.  Cube  roots,  among  other  things, 
may  be  found  in  this  way. 

These  four  lines  are  all  that  are  gener- 
ally found  in  a  slide  rule ;  occasionally 
others  are  added:  thas  a  line  on  one- 
third  of  the  scale  of  the  D  line  (some- 
times called  an  E  line)  will,  with  the  D 
line,  enable  one  to  directly  work  propor- 
tions in  which  some  of  the  terms  are 
cubes  or  cube  roots,  but  this  is  not  often 
required.  With  the  usual  four  lines  all 
arithmetical  processes,  except  addition 
and  subtraction,  can  be  performed. 
There  are,  however,  rules  in  which  on 
the  back  of  the  slide  are  scales  in  which 
the  distances  are  log.  sines  or  log.  tan- 
gents of  the  angles  marked,  then,  these 
lines  being  placed  against  an  ordinary  A 
line  so  that  90°  on  the  line  of  sines,  or 
45°  on  the  line  of  tangents  is  opposite  1 
on  the  A  line,  a  table  of  sines  or  tangents 
will  be  formed ;  and  if  the  slide  is  placed 
in  any  other  position,  the  sines  or  tan- 
gents of  the  angles  denoted  by  any  divi- 
sions on  either  of  these  special  lines  will 
vary  in  the  same  proportion  as  do  the 
numbers  which  are  opposite  them  on  the 
A  line.  In  those  rules  in  which  lines  of 
sines  and  tangents  are  given,  there  is 
generally  a  scale  of  equal  parts  in  which 
the  length  of  the  D  line  is  divided  into 
500  or  1,000  parts.  If  this  is  placed  op- 
posite the  D  line,  with  the  ends  of  the 
two  scales  opposite  one  another,  a  table 
of  logarithms  will  be  seen  ;  thus  the  loga- 
rithm of  any  number  on  the  D  line  will 
be  found  opposite  to  it  on  the  scale  of 
equal  parts. 

Having  pointed  out  the  chief  uses  of  a 
slide  rule,  it  will  be  possible  to  describe 
the  differences  in  construction  in  the  sev- 
eral varieties.  The  most  simple  possible 
form  is  the  original  Gunter's  scale  to  be 
found  on  any  sector.  With  this  and  a 
pair  of  dividers  calculations  may  be 
made,  for  if  the  dividers  are  set  to  the 
distance  between  any  two  numbers,  any 
other  pair  of  numbers  which  are  found 
by  the  dividers  to  be  the  same  distance 
apart  will  be  in  the  same  proportion,  or 
have  a  common  quotient  just  as  a  com- 
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mon  difference  would  be  found  if  a  scale 
of  equal  parts  were  used.  This,  however, 
is  troublesome  ;  but  if  the  same  principle 
is  applied  to  a  scale  in  the  circular  form 
the  result  is  much  more  convenient.  In 
this  case  angular  distance  takes  the  place 
of  linear  distance,  and  a  pair  of  arms 
which  can  be  opened  to  any  angle  can  be 
moved  round,  and  every  pair  of  numbers 
covered  will  bear  to  one  another  a  con- 
stant proportion  depending  on  the  extent 
of  the  angle.  This  is  the  principle  of 
some  of  Dixon's  rules  shown  at  the  In- 
ventions Exhibition,  near  the  arithmom- 
eters. In  the  well-known  pocket  instru- 
ment, the  calculating  circle  of  Boucher, 
an  instrument  like  a  watch,  one  hand  is 
fixed  and  one  is  movable,  and  the  face  is 
also  movable.  There  is  another  instru- 
ment of  the  same  kind,  in  which  the  scale 
is  drawn  on  a  helical  line.  Here  the  scale 
and  one*  hand  are  movable,  and  there  is 
one  fixed  hand.  This,  which  is  Professor 
Fuller's  spiral  rule,  is  made  and  exhibited 
by  Stanley.  Circular  instruments  are  also 
made,  in  which  scales  slide  over  one  an- 
other, which  are  in  this  respect  like  the 
straight  rules.  There  is  more  advantage 
in  the  circular  form  than  appears  at  first. 
In  the  straight  rules  the  A  and  B  lines 
Are  each  double,  the  first  and  second 
halves  are  identical ;  this  repetition  of  the 
scale  is  required  in  order  that,  however 
the  slide  may  be  placed,  the  part  of  each 
opposite  to  the  other  may  contain  at 
least  a  complete  scale  of  numbers.  In 
the  circular  form,  however,  the  beginning 
and  end  of  a  single  logarithmic  scale 
meet,  and  so  the  scale  itself  is  its  own 
repetition  both  above  and  below.  For 
this  reason  the  openness  of  the  divisors 
in  a  circular  instrument  is  the  same  as  in 
a  straight  rule,  of  which  the  length  is  six 
times,  instead  of  three  times,  the  diameter 
of  the  circular  line. 

Of  the  two  types  of  instrument-^-one 
in  which  one  slide  works  against  another, 
generally  straight,  sometimes  circular, 
and  the  other  in  which  there  is  no  slide 
but  only  a  line  divided  logarithmically 
with  a  pair  of  hands,  which  type  is  always 
circular — which  may  be  called  respectively 
the  slide  and  the  index  types,  each  has 
certain  advantages.  The  slide  form  is 
preferable,  in  that  each  setting  of  the 
slide  furnishes  a  complete  table  of  pairs 
of  related  numbers,  as,  for  instance,  of 
any    English    and    foreign   measure,   of 


squares  and  roots  on  any  scale,  such  as 
diameters  and  areas  of  circles,  or  of  sines 
or  tangents  on  any  scale,  so  that,  without 
moving  the  slide,  any  number  of  results 
may  be  read  off,  whereas  with  instruments 
of  the  index  type  the  scale  must  be  moved 
under  the  hands,  or  the  hands  over  the 
scale,  for  each  result.  On  the  other  hand, 
index  instruments  are  more  convenient 
than  the  usual  slide  rules  in  working  out 

,  ..,     -         axbxcxd 

long  expressions  of  the  form , 

eX/  xy 
in  which  any  of  the  terms  may  be  squares, 
cubes,  sines,  or  tangents,  for  the  terms 
are  taken  alternately  from  the  numerator 
and  denominator  and  set  in  order  with 
the  fixed  and  movable  hand  until  all  are 
worked  off,  when  the  answer  is  found 
under  the  fixed  hand.  There  is  no  neces- 
sity to  observe  any  result  till  the  process 
is  complete ;  on  the  other  hand,  with 
slide  instruments,  each  result  of  the  form 

axb  aXbXc  ,  ,  , 
,  — ,  etc.,  must  be  read  and  set 

e  exf 
before  it  can  be  operated  upon  by  the 
next  pair  of  factors.  In  Gra vet's  rules, 
however,  this  disadvantage  of  the  straight 
form  is  removed  by  the  addition  of  a  cru- 
sor  or  sliding  index,  which  in  other  ways 
is  a  great  comfort. 

All  instruments  of  the  index  type  suf- 
fer terribly  from  parallax,  owing  to  the 
hands  being  above  the  face,  so  that  they 
do  not  in  practice  give  the  accuracy  that 
from  the  length  of  scale  upon  them  might 
be  expected. 

This  is  especially  the  case  in  small  in- 
struments :  for  instance,  Boucher's  cal- 
culating circle,  made  in  the  fomi  of  a 
watch,  is  probably  divided  so  accurately 
that  on  that  score  an  error  of  one  part  in 
a  thousand  does  not  exist ;  yet,  owing  to 
parallax,  the  practical  limit  is  about  -g-^-g-. 
This  instrument  has,  besides  the  ordinary 
line,  one  on  a  double  and  one  on  a  treble 
scale  for  squares  and  cubes,  a  line  of 
sines,  and  another  of  equal  parts  for 
logarithms. 

The  possible  accuracy  of  any  instru- 
ment depends  upon  the  length  of  the 
scale  included  between  1  and  10,  called 
the  radius,  and  also  upon  the  linear  ac- 
curacy with  which  a  setting  or  reading 
can  be  made  ;  this  is  at  least  twice  as  great 
in  slide  as  in  index  instruments.  In 
order  to  obtain  great  accuracy,  various 
means  have  been  adopted  whereby  a  great 
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length  of  scale  is  brought  within  a  small 
compass.  Among  slide  instruments  are 
Professor  Everett's  "  Universal  Propor- 
tion Table,"  published  by  Longmans, 
Green  &  Co.,  and  General  Hannyngton's 
slide  rule,  made  and  exhibited  at  the  In- 
ventions Exhibition  by  Aston  &  Mauder. 
In  these  the  slide  is  made  in  the  gridiron 
form.  In  Everett's  instrument  there  are 
twenty  bars,  the  total  length  of  which  is 
about  13  ft.  ;  a  scale  of  equal  parts  is  also 
printed,  so  that  logarithms  can  be  read 
with  it.  In  both  of  these  instruments 
only  simple  proportions  can  be  effected, 
unless  special  grids,  divided  on  a  double 
scale  or  trigonometrically,  are  provided. 
Far  the  most  ingenious  of  all  devices  for 
obtaining  a  great  length  of  radius  in  a 
comparatively  short  space  is  due  to  Mr. 
Beauchamp  Tower,  whose  name  is  well 
known  in  connection  with  the  spherical 
engine.  His  instrument  is  a  slide  instru- 
ment consisting  of  two  tapes  running 
side  by  side  over  equal  and  independent 
rollers,  but  the  tapes  have  a  half  twist 
in  them,  so  that  they  have  each  only  one 
surface,  and  one  edge.  In  this  instru- 
ment, made  privately  for  his  own  use, 
each  tape  is  about  12J  ft.  long,  and  as 
both  sides  of  the  tape  are  used  the  radius 
is  about  25  ft.,  and  therefore,  as  far  as 
openness  of  scale  is  concerned,  it  is 
equivalent  to  a  straight  rule  50  ft.  long, 
while  the  instrument  itself  is  only  just 
over  6  ft.  in  length. 

Slide  rules  of  the  index  class  can  have 
a  great  length  of  scale  more  readily  em- 
ployed than  others.  Thus,  Professor 
Fuller's  helical  instrument  has  its  radius 
equal  to  42J  feet,  and  is,  in  openness  of 
scale,  equivalent  to  a  straight  rule  85  feet 
long,  while  the  box  which  contains  it  is 
only  17x3f  x3f  inches,  inside  measure. 
Dixon  exhibits  a  special  rule  with  the 
scale  extending  over  10  concentric  circles, 
but  with  this  form  a  less  degree  of  accu- 
racy is  attainable  when  using  the  inner 
than  when  using  the  outer  circle.  Thus, 
the  inner  circle  is  equivalent  to  a  straight 
rule  30  feet  long,  and  the  outer  to  one  60 
feet  long.  There  is  an  outer  circle  equal- 
ly and  logarithmically  divided  to  find 
logarithms.  In  another  of  Dixon's  in- 
struments, similar  in  size  and  form,  there 
is  the  same  outer  circle  for  proportions 
and  logarithms,  and  a  series  of  inner 
circles  divided  so  as  to  give  sines,  cosines, 
tangents,  cotangents,   secants,  and  cose- 


cants. Each  of  these  is  on  a  board  14 
inches  square.  Rules  with  very  extend- 
ed scales  do  not,  in  practice,  give  results 
with  an  accuracy  which  is  proportional  to 
their  length,  though  the  working  accu- 
racy is  very  much  increased.  They  have 
this  advantage,  that  they  can  be  worked 
to  their  limit  with  ease,  while  with  a 
well-divided  pocket-rule  the  errors  of 
construction  are  beyond  the  limits  of 
vision,  and  so  the  calculator  is  apt  to 
strain  his  eyes  to  get  results  as  accurate 
as  possible.  For  instance,  results  ob- 
tained by  a  good  pocket-rule  one  foot 
long  can  be  trusted  to  a  thousandth 
part ;  at  the  same  time,  Prof.  Everett's 
should  be  accurate  to  a  thirteen-thou- 
sandth part,  and  Prof.  Fuller's  to  an 
eighty-five  thousandth  part.  In  prac- 
tice, a  four  and  a  ten- thousandth  part  are 
their  limits.  Again,  instruments  with 
very  extended  scales  have  only  room  for 
one  line,  so  that  simple  proportions  only 
and  logarithms  are  all  that  can  be  direct- 
ly obtained  from  them.  For  general  use 
in  the  laboratory  or  elsewhere,  where 
calculations  of  every  kind  have  to  be 
made,  the  straight  form,  on  the  whole, 
seems  most  convenient,  because  of  its 
portability,  the  quickness  with  which  it 
can  be  worked,  the  diversity  of  opera- 
tions that  it  will  directly  accomplish,  and 
the  extraordinary  accuracy  in  comparison 
with  other  forms  of  the  results  to  be  ob- 
tained. Far  the  best  instruments  of  this 
type  that  the  writer  has  yet  seen  are 
those  made  by  Tavernier-Gravet,  of 
Paris,  already  alluded  to.  They  are  dif- 
ferent to  those  generally  used  in  Eng- 
land, in  that  the  line  in  the  slide  which 
works  against  the  D  line  is  itself  a  D 
line,  so  that  squared  proportions  have  to 
be  performed  by  the  aid  of  the  cursor. 
This  form  has  the  further  disadvantage 
that  the  inverted  slide  cannot  be  used 
for  finding  factors,  which  is  a  great  loss  > 
on  the  other  hand,  the  two  lower  lines 
may  be  used  for  simple  proportions,  and 
they  will  give  a  double  accuracy.  On 
the  whole,  the  original  pattern  with  an 
A,  B,  C  and  D  line  seems  preferable.  Of 
the  straight  rules  shown  at  the  Inven- 
tions Exhibition,  those  made  by  Stanley 
exceed  all  the  others  in  workmanship, 
and  they  are  equal  in  this  respect  to  the 
Gravet  rule.  Among  them  are  rules  for 
special  purposes,  as  Hudson's  scales  and 
Ganga  Ram's  rules.      Hudson's    scales* 
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which  are  made  in  card,  each  having  two 
slides,  are  a  marvel  of  constructive  skill. 
Dixon  shows  his  "  triple  radius  double- 
slide  rule,"  with  which  very  complex  op- 
erations may  be  readily  performed. 
Heath  shows  a  slide  rule  for  converting 
sidereal  to  mean  solar  time,  or  the  re- 
verse, correct  to  about  .02  of  a  second, 
but  this  is  not  a  slide  rule  proper,  as  the 
scales  are  not  logarithmic. 

There  is  entirely  a  different  class  of 
slide  rule  shown  by  Lieut.  Thomson. 
In  this  there  is,  as  usual,  an  A,  B, 
and  C  line,  but,  instead  of  the  D  line, 
there  is  a  "  P  "  line,  in  which  the  dis- 
tances, instead  of  being  logarithmic,  are 
logarithms  of  logarithms.  By  this  in- 
strument, fractional  powers  may  be  found 
as  readily  as  simple  products  or  quo- 
tients. It  has,  hower,  this  defect,  that 
the  scale  converges  so  rapidly  as  the 
numbers  ascend  that  high  numbers  can 
only  be  obtained  with  a  proportionate 
accuracy  far  less  than  is  possible  with  low 
numbers.  It  is  one  feature  in  the  slide 
rule  of  ordinary  construction  that  an  er- 
ror of  reading  of,  say,  y^-g-  of  an  inch 
will  produce  the  same  proportionate  er- 
ror in  any  part  of  the  scale.  This  rule 
for  involution  is  shown  in  the  straight 
and  circular  form.  It  is  right  to  men- 
tion that  the  same  thing  exactly  was  in- 
vented by  the  late  Dr.  Koget,  and  pub- 
lished by  him  in  the  JPhil.  Trans,  of 
1815. 

No  attempt  has  been  made  to  give  an 
account  of  every  special  form  of  rule 
that  is  made  ;  those  shown  at  the  Exhi- 
bition, and  some  other  well-known  forms 
which  well  illustrate  the  different  kinds 
of  development,  have  been  imperfectly 
described,  and  the  general  principles  on 
which  all  depend  sufficiently  explained  to 
make  evident  the  advantages  of  each 
type  of  instrument. 


REPORTS  OF  ENGINEERING  SOCIETIES. 

St.  Louis  Engineers'  Club — St.  Louis,  Nov. 
4,  1885.— A  paper  by  Mr.  C.  W.  Clark  was 
read,  entitled  "Notes  on  the  Influence  of  In- 
clination of  the  Limb  and  of  the  Axis  of  a  The- 
odolite on  the  Measurement  of  Horizontal 
Angles,"  and  discussed  at  length  by  Professor 
Johnson. 

In  the  general  discussion  Mr.  Hill  gave  the 
result  of  some  tests  of  cement  and  sand  bricks, 
mixed  4  of  sand  to  1  of  cement.  They  were 
twenty-six  days  old,  and  averaged  about  125 
lbs.  per  square  inch  in  compression ;  Mr.  Rus- 


sel  gave  an  instance  where  common  clay  stood 
135  lbs.  per  square  inch  in  tension.  Various 
other  subjects  were  commented  upon. 

Engineers'  Club  of  Philadelphia — Regu- 
lar Meeting,  October  17th,  1885.— This 
was  the  first  meeting  of  the  Club  in  its  new 
house,  No.  1,122  Girard  Street,  President  J.  J. 
de  Kinder  in  the  chair. 

The  Secretary  presented,  for  Mr.  P.  F.  Brend- 
linger,  an  illustrated  description  of  a  novel  and 
cheap  cement-testing  machine,  which  can  be 
built  by  an  ordinary  carpenter  and  blacksmith 
at  a  cost  of  less  than  twelve  dollars,  and  is  suf- 
ficiently accurate  for  practical  purposes. 

Mr.  John  T.  Boyd  presented  an  illustrated 
description  of  the  "Coventry"  locomotive 
boiler,  which  is  probably  the  latest  novelty  in 
locomotive  construction. 

It  was  built  at  the  Brooks  Locomotive  Works, 
Dunkirk,  N.  Y.,  and  placed  on  one  of  their 
standard  17-in.  x  24-in.  engines,  with  61-in. 
drivers.  The  economy  of  the  boiler  as  a  steam 
generator  has  not  been  made  public,  but  while 
in  service  on  the  New  York  division  of  Penn- 
sylvania Railroad  it  has  proved  to  be  almost  ab- 
solutely free  from  smoke  and  cinder-discharg- 
ing qualities.  The  boiler  is  of  the  straight-top 
return-tubular  type,  is  made  of  Otis  steel 
throughout,  and  is  remarkable  in  having  but 
two  barrel  sections,  excluding  the  smoke  box. 

The  stack  is  "behind,  instead  of  before," 
and  is  located  over  the  front  end  of  what  might 
be  called  the  upper  crown-sheet,  which  forms 
the  bottom  of  the  back  combustion-chamber, 
which  is  directly  over  the  fire-box,  the  stack  it- 
self rising  from  top  of  boiler  between  the  cab 
and  dome.  The  crown-sheets  are  self -sustained 
by  long  stay-bolts  opposing  the  pressure  in  in- 
side of  Boiler. 

Access  to  the  back  combustion-chamber  is 
had  by  means  of  a  man-hole  in  the  rear  head 
of  boiler,  through  which  the  exhaust  nozzles 
and  lift  pipes  are  put  in  motion. 

The  lower  or  2-in.  tubes  are  arranged  as  in 
the  ordinary  locomotive,  while  the  upper  or  3- 
in  tubes  are  grouped  around  the  dry-pipe  as  it 
passes  from  the  dome  to  the  "T"  head  in 
smoke-box. 

In  order  to  get  the  exhaust  steam  from  the 
cylinders  into  the  stack,  side  pipes  provided 
with  expansion  joints,  after  leaving  the  smoke- 
box,  are  placed  outside  of,  but  close  to,  the 
boiler  jacket,  and  enter  the  back  combustion 
chamber  close  to  the  base  of  the  stack. 

The  throttle  lever  is  turned  "  upside  down," 
to  get  a  pulling  motion  to  open  the  throttle, 
and  the  rod  is  forked  to  pass  around  stack  at 
its  base,  in  order  to  reach  the  bridge-pipe  at 
dome. 

The  Secretary  presented,  for  Mr.  Walter  C. 
Brooke,  a  description  of  appliances  for  landing 
mine  cars  at  the  top  of  slope.. 

Mr.  A.  Marichal,  visitor,  exhibited  and  de- 
scribed an  instrument  for  at  once  describing 
arcs  of  any  radii,  from  a  few  inches  to  infinity, 
and  for  determining  the  radii  of  arcs  already 
drawn.  It  operates  upon  the  general  principle 
that  all  angles  inscribed  in  the  same  segment 
are  equal,  and  it  is  adjusted  or  read  by  means 
of  graduations. 
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Mr.  T.  M.  Cleemann,  on  behalf  of  Mr.  W.  W. 
Evans,  of  New  Rochelle,  N.  Y.,  presented  a 
small  box,  made  of  white  oak  from  Delaware 
River  Bridge,  at  Trenton,  N.  J  ,  built  in  1803, 
replaced  by  an  iron  bridge  in  1875 ;  in  constant 
service  for  72  years,  and  as  a  railway  bridge  for 
30  years. 

The  Secretary  announced  that  a  committee 
of  the  Civil  Engineers'  Club  of  Cleveland  de- 
sired that  this  Club  participate  in  joint  action 
with  their  and  other  societies  for  the  purpose 
' *  of  obtaining  the  passage  of  new  laws  which 
shall  provide  for  the  better  condition  of  Civil 
Engineers  employed  on  Government  works, 
other  than  military."  Not  being  a  business 
meeting,  no  action  could  be  taken,  but  the  mat- 
ter was,  by  informal  vote,  referred  to  the  Board 
of  Directors. 

The  Secretary  reported  that  the  assessment 
of  a  considerable  amount  of  customs  duty 
upon  books  presented  to  us  by  the  British  Gov- 
ernment, had  been  made  the  occasion  for  a  de- 
termined fight  for  our  heretofore  disputed  right 
to  free  entry.  After  unlimited  affidavits, 
blanks,  bills,  bond,  and  other  documents,  in- 
cluding "  Hospital  dues  "  (on  Abridgements  of 
Specifications  of  British  Patents!),  in  getting 
it  there,  the  appeal  to  the  Secretary  of  the 
Treasury  met  with  prompt  and  fair  considera- 
tion. We  are  now,  officially,  "a  Society  estab- 
lished for  philosophical  purposes,  and  entitled 
to  the  benefits  conferred  by  the  provision  of  law 
above  quoted." 


ENGINEERING    NOTES. 

The  Construction  of  Factory  Chimneys. — 
The  Ghemiker  Zeitung  has  lately  been  de- 
voting attention  to  this  subject,  with  special 
reference  to  the  question  whether  decrease  of 
height  might  not  cause  a  saving  in  fuel  without 
impairing  general  efficiency.  Herr  P.  Huth 
records  a  case  in  which  the  erection  of  a  new 
boiler  in  a  relatively  disused  building  necessi- 
tated (after  an  unsuccessful  attempt  to  use  it; 
.the  demolition  of  the  old  chimney,  the  dimen- 
sions of  which  were:  height,  65.61  ft.,  lower 
diameter,  19.68  in.,  diameter  of  interior  of  chim- 
ney, 13.78  in.  The  entire  length  of  the  draught, 
including  the  flue,  was  about  98.42  ft.  In  the 
new  chimney  the  entire  length  of  draught,  in- 
cluding the  flue,  was  proposed  to  be  about  95,14 
ft.,  and  the  diameter  at  the  narrowest  square 
portion,  25.59  in. 

Partially  for  experimental  purposes,  and  par- 
tially with  a  view  to  economy,  a  trial  was  made 
of  heating  the  boiler  when  the  chimney  was 
39.37  ft.  in  height.  Although  the  results  were 
affected  by  the  damp  masonry,  there  was  a  dis- 
tinct improvement  perceptible  as  compared 
with  the  old  chimney.  At  a  height  of  45 .  93  ft. 
the  trials  were  still  more  satisfactory,  and  at 
52.49  ft.  all  requirements  were  completely  ful- 
filled, the  smoke  being  absolutely  white  and 
sometimes  scarcely  noticeable,  without  any 
soot  or  flying  ash.  The  heating  of  the  boiler 
was  excellent,  and  the  consumption  of  coal  15 
to  20  per  cent,  less  than  was  the  case  with  the 
old  chimney.  The  top  was  then  finished  in  the 
usual  way  without  any  further  improvement  or 
addition  to  the  height. 


From  these  facts  Herr  Huth  deduces  the 
argument  that  not  only  the  height,  but  also  the 
diameter,  of  a  chimney  in  proportion  to  its 
height,  deserves  attention  for  economical  and 
administrative  reasons.  High  chimneys  are,  he 
considers,  as  a  rule,  too  narrow  in  proportion 
to  their  height,  and  hence  do  not  draw  well,  or 
else  waste  fuel  and  cover  the  neighborhood 
with  soot  and  flying  ash.  The  effort  to  remedy 
these  evils  by  still  further  increasing  the  height 
of  the  chimneys  usually  leads  to  their  aggrava- 
tion. Herr  Huth  suggests  more  detailed  re- 
searches as  likely  to  elucidate  the  subject  fur- 
ther. In  a  later  number  of  the  Ghemiker  Zei- 
tung, Herr  Ramdohr,  of  Gotha,  confirms  the 
assertion  that  there  is  a  dearth  of  exact  infor- 
mation as  to  this  point.  He  alludes  to  the  op- 
posite extremes  of  making  chimneys  decrease 
or  increase  in  their  internal  diameter  at  the  top 
as  compared  with  the  base.  He  recommends 
uniform  diameter,  and  thinks  this  should  be 
estimated  rather  fully  in  order  that  the  heated 
gases  in  the  center  of  the  chimney  may  be,  if 
possible,  surrounded  by  a  cooler  stratum, 
which  protects  the  brickwork  to  some  extent 
from  the  heat. 

This  uniformity  of  diameter  can  be  obtained 
by  cutting  the  bricks  or  by  dividing  the  chim- 
ney into  sections  and  ascertaining  that  no  por- 
tion of  these  has  less  than  the  specified  mini- 
mum diameter.  This  diameter  can  be  estimated 
in  proportion  to  the  extent  of  the  grate-surface 
of  all  the  fire-places  which  the  chimney  serves, 
being  about  equal  to  the  free  grate-surfaces. 
This  varies  with  different  combustibles  (brown 
or  mineral  coal,  wood,  etc.),  from  one-eighth 
to  one-fourth  of  the  entire  grate-surface.  The. 
lower  a  chimney,  the  larger  may  be  its  cross- 
section. 

The  height,  even  when  the  boilers  are  small, 
should  not  be  less  than  about  50  ft.  For  large 
steam  appliances,  when  they  are  near  the  chim- 
ney, a  height  of  100  ft.  to  120  ft.  will  usually 
suffice,  provided  the  cross-section  is  suitable. 
When  the  fire-places  are  some  distance  from  the 
chimney,  the  height  of  the  latter  would  be  about 
160  ft.  to  200  ft.,  the  cross-section  being  modi- 
fied on  account  of  the  cooling  of  the  smoke 
gases  during  their  passage. 

As  to  the  form  of  the  cross-section  of  such 
chimneys,  it  is  considered  that  a  circular  shape 
is  preferable  on  account  of  its  resistance  to 
wind-pressure.  An  octangular  form  is  con- 
sidered a  very  suitable  alternative,  as  only  one 
special  shape  of  brick  is  indispensable ;  and 
finally  it  is  stated  that  the  top  of  the  chimney 
should  not  be  called  on  to  bear  any  but  a  very 
slight  projection ;  the  whole  being  carefully 
surmounted  with  iron  round  the  top  of  the 
brickwork. 

rp  he  Sukktte  Bridge.— The  Indus  is  already 
_1_  spanned  at  various  points  by  bridges  of 
considerable  dimensions,  which  carry  the  In- 
dian state  railways  over  that  river.  The  largest 
of  these  structures,  however,  will,  as  regards 
span,  shortly  be  eclipsed  by  the  bridge  which  is 
to  be  constructed  over  the  Rohri  Pass  of  the 
Indus  at  Sukkur,  on  the  line  of  railway  from 
Kurrachee  and  Attock.  It  has  been  designed 
on  the  cantilever  principle  by  Mr.  A.  M.  Ren- 
del,  M.  Inst.  C.  E.,  and  is  790  ft.  clear  span  be- 
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tween  the  faces  of  the  abutments  and  820  ft. 
between  the  vertical  pillars.  The  center  lines 
of  the  mam  horizontal  tie  and  the  top  of  the 
large  pillars  and  struts  are  169  ft.  above  the  bed 
plates.  There  is  a  girder  of  200  ft.  filling  in  the 
space  between  the  ends  of  the  cantilevers.  The 
total  weight  of  steel  in  the  cantilevers  will  be 
about  3,200  tons,  and  this  is  exclusive  of  the 
200-ft.  girder.  The  main  gujrs,  which  will  have 
to  hold  back  the  whole  of  the  structure,  are  302 
ft.  long,  and  are  connected  to  the  anchors, 
which  are  constructed  of  steel  plates,  angles, 
and  channel  steel  of  large  dimensions,  built  in 
masonry  below  the  surface.  The  large  pillars, 
which  will  stand  on  the  abutments  on  bed 
plates  100  ft.  apart  center  to  center,  and 
which  incline  inwards  to  a  point  meeting 
the  guys  169  ft.  above,  will  be  174  ft.  long. 
Struts  will  spring  from  the  same  bed-plate  as 
the  large  pillars,  and  incline  at  an  angle 
of  35  degrees  towards  the  center  of  the 
bridge,  and  also  inwards  towards  the  center 
line,  meeting  the  horizontal  tie,  which  is  a  con- 
tinuation of  the  guys,  at  169  ft.  above  the  bed- 
plate, similar  to  the  jib  of  a  crane,  and  from 
the  point  of  junction  the  inclined  tie  descends 
to  the  platform  of  the  bridge.  These  struts  will 
be  210  ft.  long  and  16  ft.  square  at  the  center. 
The  booms,  or  compression  members,  diverge 
from  the  platform  at  a  point  about  40  ft.  from 
the  end,  and  convey  the  strains  to  the  large  bed- 
plates, from  which  the  large  pillars  and  struts 
rise.  The  platform  for  carrying  the  rails  con- 
sists of  two  horizontal  girders  running  from 
end  to  end,  placed  18  ft.  apart,  centers,  with 
cross  girders  every  8  ft. ,  and  on  these  longitu- 
dinal Z  irons  are  placed  on  which  is  laid  West- 
wood  &  Baillie's  trough  flooring,  which  gives 
great  rigidity  and  strength  to  the  bridge. 

The  steel" is  specified  to  be  of  a  very  high 
quality,  and  is  to  be  made  in  very  large  scant- 
ling. For  instance,  the  top  plates  of  the 
anchors  will  be  20  ft.  by  6  ft.  by  1^  in.  thick, 
each  weighing  2  tons  14  cwt.,  and  the  base- 
plates for  the  large  bed-plates  will  be  22  ft.  by 
5  ft  by  1£  in.,  each  weighing  2  tons  10  cwt. 
Each  cantilever  of  the  bridge  has  to  be  erected 
complete  in  the  contractor's  yard  previously  to 
being  sent  out  to  India,  and  in  order  to  comply 
with  this  condition  a  staging  or  scaffold  has  to 
be  provided.  The  great  weight  and  size  of  the 
parts  forming  the  bridge  makes  this  a  very  for- 
midable and  difficult  undertaking,  the  various 
members  raking  and  inclining  in  every  direc- 
tion. After  considerable  study  an  arrangement 
has  been  designed  which  is  expected  to  answer 
the  purpose  and  conditions.  It  will  consist  of 
about  305  piles,  14  in.  by  14  in.,  driven  into  the 
ground  about  30  feet.  These  are  cut  off  at  9 
ft.  above  the  bed-plate  level,  and  on  them  are 
to  be  built,  in  some  cases,  four  lengths  of  40-ft. 
timbers  one  above  the  other,  and  braced  to- 
gether with  horizontal  and  diagonal  bracing. 
This  staging  covers  a  space  400  ft.  long  by 
about  120  ft.  wide  in  some  parts,  and  will  be 
180  ft.  high,  and  will  require  over  2,000  loads 
of  lumber  besides  several  tons  of  bolts  and 
nuts. — Iron. 

The  Utilization  of  Tidal  Power. — At  a 
meeting  of  the  Junior  Engineering  and 
Scientific  Society,  held  September  10,  a  paper 


was  read  on  "The  Mechanical  Utilization  of 
Waterfalls  and  Tidal  Power,"  by  Mr.  H.  S. 
Wells,  Wh.  Sc.  The  author  first  dealt  with 
waterfalls,  and  showed  how  the  power  of  the 
fall  could  be  ascertained  by  finding  velocity  of 
steam,  area  of  flow  in  square  feet,  and  height 
of  fall  in  feet.  He  then  described  Allen's  bal- 
anced float  motor,  for  which,  he  said,  an 
efficiency  of  90  per  cent,  was  claimed,  but  he 
would  only  assume  efficiencies  of  55,  75,  and 
85  per  cent,,  for  waterwheels,  turbines,  and 
float  motors  respectively,  when  driven  by  water- 
falls. As  to  the  position  of  the  motor,  much 
depended  upon  local  circumstances,  such  as 
formation  of  banks,  but  fixing  on  shore  was  the 
best  if  allowable.  Modern  turbines  could  be 
used  for  falls  varying  from  3  ft.  to  247  ft., 
while  some  were  giving  good  results  in  the 
Black  Forest  with  only  9  in.  fall.  He  then 
dealt  with  the  utilization  of  Niagara  Falls,  and 
said  it  was  calculated  by  considering  the  catch- 
ment area  and  rainfall  that  not  less  than  18,- 
000,000  cubic  ft.  of  water  passed  over  the  falls 
per  minute  ;  the  mean  fall  was  276  ft. ,  and  that 
gave  a  theoretical  power  of  over  9,409,000 
horses,  of  which  it  might  well  be  assumed  over 
7,000,000  horse-power  might  be  utilized,  that 
being  equal  to  power  obtainable  from  the  best 
class  of  engines  from  the  consumption  of  50,- 
000,000  tons  of  coal.  The  author  described 
some  mills  built  near  and  worked  by  the  falls 
which  utilized  about  1,000  horse-power,  and 
he  spoke  of  various  propositions  that  had  been 
made  to  utilize  the  falls  for  generating  elec- 
tricity for  lighting  purposes.  He  believed 
that  was  quite  within  the  power  of  the  present 
mechanical  world  to  perform,  although  the 
difficulty  and  outlay  would  be  enormous.  Cal- 
culating from  Sir  William  Thomson's  estimate 
of  £10  per  horse-power  per  annum  for  twelve 
hours  per  day,  the  value  of  the  power  of  the 
falls  would  be  over  £140,000,000  per  annum. 
He  then  gave  examples  of  other  waterfalls 
utilized  in  England,  Scotland,  Ireland,  America, 
Russia,  and  Belgium,  and  proceeded  to  con- 
sider tidal  ^  power.  He  briefly  described  the 
theory  of  tides  and  the  various  circumstances 
which  affected  them,  and  then  dealt  with  the 
two  movements  of  the  waters,  the  horizontal 
and  vertical,  the  mean  velocities  of  the  tides 
from  recent  experiments  being  Thames,  208  ft. 
per  minute  ;  Avon,  170  ft.  ;  Rhine,  275  ft.  ; 
Connecticut,  180  ft.  per  minute  ;  these  being 
the  velocities  at  mid-stream  and  at  or  about  the 
surface.  _  The  velocity  of  the  sea  was  about  176 
!  ft.  per  minute,  except  around  rocks  and  some 
I  parts  of  the  coast,  where  it  was  as  high  as  506 
;  to  616  ft.  per  minute.  The  Thames  had  23,- 
;  545,000  tons  ;  Portsmouth  harbor,  13,500,000 
Itons;  Harwich,  60,000,000  tons ;  Yarmouth, 
!  6,000,000  tons ;  and  Montrose,  45,000,000  tons 
|  of  tidal  water  per  day.  Tables  were  appended 
j  to  the  paper,  giving  the  volume  of  the  flow  and 
ebb  in  the  Thames,  the  range  of  spring  and 
neap  tides  around  the  coast  and  in  the  tidal 
rivers  ;  the  maximum  range  being  at  Bristol, 
:  40  ft.  spring  and  31  ft.  neap,  the  minimum 
range  at  Wexford,  5  ft.  spring  and  3|  ft.  neap, 
the  maximum  difference  between  spring  and 
j  neap  being  9f  ft.  at  Granville,  and  the  mini- 
:  mum  1£  ft.  at  Wexford. 
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The  two  most  important  conditions  of  works 
to  utilize  this  power  were  stated  by  the  author 
to  be,  first,  that  they  should  not  interfere  with 
navigation,  and  second,  that  they  should  not 
alter  the  character  of  the  tidal  flow,  except  to 
improve  it.  A  brief  description  was  given  of 
various  patents,  by  means  of  which  the  hori- 
zontal movement  of  the  tides  could  be  utilized  ; 
of  mills  once  used,  rising  and  falling  with  tide, 
and  driven  by  wheels,  turned  by  flow  and  ebb, 
and  of  mills  driven  by  water  stored  in  reser- 
voirs on  shore  at  high  tide  and  run  out  over 
wheels  at  low  tide.  The  author  suggested 
wheels  fixed  under  sea-coast  piers,  driven  by 
the  tide  and  rising  and  falling  in  a  groove, 
forming  an  arc,  struck  from  the  driven  shaft  as 
a  center,  increased  speed  being  obtained  which 
might  be  used  to  drive  tramcars  upon  the  pier 
by  rope  gearing.  Some  time  was  devoted  to 
the  consideration  of  motors  fitted  between 
walls  built  across  the  mouths  of  creeks  and 
non-navigable  rivers,  the  motors  to  rise  and  fall 
with  the  tide,  and  the  water  to  flow  through 
the  motors  into  the  creeks  and  back  again  when 
the  tide  ebbed,  in  the  same  way.  Continuous 
power  could  not  thus  be  obtained,  but  about 
six  hours'  work  in  every  twelve  hours  in  two 
portions  could  be  done,  or  even  more  with  a 
great  range,  by  using  about  five-sixths  of  the 
total  range.  Reservoirs  on  shore  for  the  waste 
water,  the  author  observed,  were  objectionable 
{although  they  allowed  of  continuous  power) 
on  account  of  the  area  required,  and  imprac- 
ticable unless  the  ground  was  unfit  for  other 
more  useful  purposes.  For  50  horse-power, 
for  six  hours,  the  reservoir  would  cover  about 
22  acres,  if  10  ft.  deep,  but  the  author  suggested 
that  buildings  might  be  erected  above  these 
reservoirs,  and  the  space  thus  utilized.  A  de- 
tailed description  was  given  of  such  an  arrange- 
ment, and  the  author  concluded  by  stating  his 
belief  that  great  use  could  be  made  of  this  vast 
power,  in  such  a  manner  as  to  soon  repay  any 
first  outlay,  and  to  be  of  great  advantage  for 
many  purposes,  especially  for  generating  elec- 
tricity. He  believed  the  subject  deserved  more 
consideration  than  it  had  at  present  received, 
as  being  not  unlikely  to  become  one  not  only  of 
personal,  but  of  national  importance.  The 
paper  was  illustrated  by  diagrams,  and  a  dis- 
cussion followed,  the  author  being  accorded  a 
hearty  vote  of  thanks  at  the  close  of  the  meet- 
ing.— Iron. 
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Teial  of  a  New  Elswick  Gun. — A  trial  has 
just  been  concluded  at  Woolwich  of  a 
new  breech-loading  steel-rifled  Elswick  gun. 
The  weapon  is  a  6-inch  100-pounder  gun,  weigh- 
ing five  tons.  The  breech-loading  mechanism 
is  different  to  the  Woolwich  gun,  having  a 
double  interrupted  screw  instead  of  a  single 
one,  the  object  sought  being  greater  strength 
and  the  prevention  of  liability  to  jamming.  On 
the  gun  being  fired  a  second  time,  the  vent 
piece,  which  carries  the  primer  or  tube  and 
firing  apparatus,  blew  out  and  was  projected  a 
distance  of  200  yards.  It  was  recovered  unim- 
paired, and  seven  more  rounds  were  fired  from 


the  gun.  Such  an  accident,  the  Woolwich  ar- 
tillerists say,  could  not  have  occurred  with  the 
Woolwich  gun.  Recently,  however,  in  firing 
the  Woolwich  gun,  the  vent  axial  became 
cracked  or  jammed.  This  happened  when  fir- 
ing the  43-ton  Woolwich  gun  with  only  265  lbs. 
of  black  powder,  which  is  stated  to  be  much 
more  violent  in  action  than  its  ordinary  charge 
of  295  lbs.  of  brown  or  cocoa  powder.  The 
damage  to  the  Woolwich  gun  was  at  once  re- 
paired, and  the  experiments  with  it  were  re- 
sumed at  the  government  butts.  With  regard 
to  the  Elswick  Ordnance  Company's  gun,  the 
breech  mechanism  is  more  complicated  than 
that  of  the  Woolwich  gun,  inasmuch  as  it  has 
the  vent  piece  going  through  the  breech  screw, 
which  has  to  be  taken  out  each  time  it  is  fired 
for  the  tube  to  be  refixed.  Whether  the  new 
arrangement  will  prove  stronger  than  the  vent 
axial  of  the  Woolwich  gun,  further  experiments 
will  have  to  decide. 

Gun-buesting  Expeeiments.  — Experiments 
took  place  at  the  proof  butts,  Woolwich, 
several  months  ago  to  elucidate  the  explosion 
of  an  Elswick  6-inch  breechloading  gun  on 
board  the  Active,  at  Portsmouth.  So  far  as 
they  were  made  public,  the  results  of  those  ex- 
periments showed  that  the  accident  was  not 
caused  by  any  obstructions  in  the  gun,  various 
kinds  of  wedges,  ending  with  a  formidable  cold 
chisel,  being  placed  in  the  trial  gun  before  fir- 
ing and  doing  it  practically  no  harm.  It  was 
announced  that  the  committee  would  carry  the 
investigation  further  before  making  their  re- 
port, and  it  now  appears  from  this  report  that 
they  not  only  allowed  the  gun  to  fall  upon  a 
lump  of  steel,  but  dropped  upon  it  another  gun, 
weighing  86  cwt.,  from  varying  heights  up  to 
8  feet,  which  struck  a  blow  on  its  side  estimat- 
ed at  an  energy  of  34  tons.  A  few  dents  to  the 
exterior  only  were  produced  by  the  falls,  but 
the  heaviest  of  the  blows  slightly  bulged  the 
interior  and  prevented  the  6-inch  gauge  from 
passing  through  the  bore.  In  this  state  it  was 
fired  once  more  with  the  charge  of  17  lbs.  of 
powder  and  a  common  shell  weighing  100  lbs.; 
but  the  only  effect  was  a  slight  reduction  of  the 
bulge,  and  the  shell  left  the  gun  uninjured. 
The  committee  having  been  satisfied  by  the 
evidence  of  persons  present  at  the  accident,  that 
no  large  obstruction,  such  as  a  tompion  or  drill 
shot  had  been  placed  in  the  gun  which  explod- 
ed, and  having  no  explanation  to  offer  on  the 
strength  of  their  experiments,  were  led  to  the 
conclusion  that  there  must  have  been  some  im- 
perfection in  the  steel  of  which  the  gun  was 
constructed,  and  had  several  test  pieces  cut  out 
of  the  broken  gun  and  examined.  Finally, 
their  report  states  that  the  explosion  of  the  gun 
did  not  result  from  weakness  of  design,  from 
error  in  loading,  from  wave-pressure,  from  pro- 
jectiles being  of  high  gauge,  or  setting  up,  or 
broken,  or  jammed,  and  that  it  was  highly  im- 
probable that  it  was  caused  by  any  kind  of  ob- 
struction or  malformation  of  bore.  They  were 
therefore  forced  to  the  conclusion  that  it  must 
have  been  due"  to  imperfection  of  material 
which  remained  undiscovered,  although  the 
gun  had  passed  proof.  The  committee,  how- 
ever, thought  it  beyond  their  province  to  inquire 
into  the  large  questions  involved  in  gun  manu- 
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facture.  which  snhject  was  already  under  in- 
vestigation by  a  very  influential  committee.  In 
the  meantime,  they  saw  no  reason  to  recom- 
mend that  any  restriction  should  be  placed  upon 
the  use  of  guns  of  this  nature  in  practice  :  and 
they  were  unable  to  recommend  any  special 
precaution  in  the  use  of  them,  the  accident 
being  in  no  way  due  to  any  cause*  connected 
with  the  care  or  service  of  the  gun.  It  should 
be  stated  that  the  charge  of  17  lbs.  of  powder, 
with  which  the  gun  was  tired  when  it  burst, 
was  only  half  the  service  charge,  and  that  the 
gun  had  been  repeatedly  fired  with  the  full 
charge  of  34  lbs.  without  showing  any  signs  of 
injury. 

RU88IAU  Navy  Estimates  foe  1886. — The 
estimates  just  passed  by  the  Russian  Gov- 
ernment for  1886,  show  that  the  vigorous 
naval  policy  initiated  last  year,  just  before  the 
Afghan  conflict  came  on  the  scene,  is  to  be  con- 
tinued and  extended.  While  a  few  years  ago 
half  a  million  sterling  was  considered  a  suffi- 
cient annual  grant  for  naval  construction,  and 
the  figure  sometimes  fell  even  below  this,  next 
twelvemonth  will  see  an  expenditure  of  11,831,- 
800  roubles,  or,  at  the  current  rate  of  exchange, 
nearly  £1,200.000.  Of  this  amount,  £830,000 
will  t>e  devoted  to  the  building  of  hulls,  and 
the  remainder  to  engines  and  machinery.  The 
report  further  states  that  of  the  grant  made  for 
shipbuilding  £600.000  will  be  assigned  to  pri- 
vate establishments,  and  only  £230,000  to  Gov- 
ernment yards.  To  the  uninitiated  this  would 
seem  to  imply  a  more  flourishing  condition  of 
things  on  the  part  of  private  works,  and  a 
greater  amount  of  paternal  regard  for  them 
than  is  really  the  case.  On  the  Neva — and  the 
whole  of  the  grant  is  made  for  St.  Petersburg 
— there  are  only  two  private  establishments  in 
receipt  of  Government  orders,  and  for  that  mat- 
ter only  two  existing  at  all.  Of  these  the 
Franco-Russian  works,  late  the  works  of  Mr. 
George  Baird,  is  the  only  one  that  can  claim  to 
be  a  private  concern,  the  shares  of  the  rival 
Baltic  works  on  the  opposite  side  of  the  river  be- 
ing wholly  held  by  the  Government  As  the  lat- 
ter is  doing  the  most  work,  and  will  doubtless 
receive  the  lion's  share  of  the  grant,  it  is  hardly 
accurate  to  place  the  amount  assigned  to  it  un- 
der the  heading  of  "To  private  firms/' partic- 
ularly as  it  has  long  been  treated  as  a  semi-offi- 
cial appanage  of  the  Admiralty,  and  is  only  left 
wholly  unabsorbed  by  the  State  for  reasons  of 
private  interest  on  the  part  of  a  few  high  offi- 
cials. 

Brazil  p  ossesses  five  ironclads,  the  Riachue 
lo.  built  in  18S3  by  Messrs.  Samuda,  5,800 
tons,  built  of  steel,  steel  armor  10  in.  on  the 
turret  and  11  in.  on  the  side  ;  6,000  indicated 
horse-power,  speed  16  knots,  and  she  is  armed 
with  four  Armstrong  guns  of  20  tons  each,  6 
of  5§  tons,  and  15  Xordenfelt  machine  guns. 
The  Solimoes  and  Javany  are  of  3,600  tons 
each,  and  were  launched  in  1876.  They  are  of 
iron,  and  have  iron  armor,  13  in.  on  the  tur- 
rets and  12  in.  on  the  side.  Their  speed  is  12 
knots,  and  they  are  each  armed  with  four 
Whitworth  guns  of  25  tons  each,  and  fourXor- 
denfelts.  The  remaining  two  ironclads  are  of 
928  tons  and  1.196  tons,  respectivelv,  and  have 
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armor  of  4  in.  thickness.  Brazil  further  owns 
a  wooden  ship  plated  with  4-in.  armor,  four 
small  monitors  for  river  service,  and  seven 
wooden  cruisers.  A  steel  cruiser  of  4,000  tons, 
which  is  to  steam  15^  knots,  is  at  present  be- 
ing built  for  the  Brazilian  Government  in  Eng- 
land. Brazil  has  also  seven  wooden  and  five 
iron  gunboats,  and  also  five  composite  gunboats 
in  course  of  construction,  besides  eight  torpe- 
do boats. 

The  explosion  of  gunpowder  is  generally, 
either  in  the  bore  of  a  gun  or  in  a  close  ves- 
sel, extremely  rapid  ;  but,  rapid  as  it  is,  when 
small  charges  are  fired  in  a  large  vessel,  there  is 
a  considerable  reduction  of  pressure  from  the 
cooling  effect  of  the  vessel,  owing  to  the  great 
difference  of  temperature  between  the  ignited 
powder  and  the  vessel.  With  gun-cotton  this 
difference  is  much  more  marked,  both  because 
the  weight  of  the  explosive  employed  in  experi- 
ments is  much  less,  and  the  temperature  of  ex- 
plosion is  much  higher.  Between  charges  of 
a  few  ounces  and  a  few  pounds,  for  instance, 
of  the  same  gravimetric  density,  there  is  a  very 
marked  difference  of  pressure.  The  actual 
'  pressure  reached  by  the  explosion  of  gun-cot- 
tons experimented  with  by  Captain  Xoble  and 
Sir  F.  Abel,  assuming  the  gravimetric  density 
of  the  charge  to  be  unitv,  would  be  between 
( 18,000  and  19,000  atmospheres,  or.  say,  120 
tons  on  the  square  inch.  The  pressure  indi- 
cated has  not  been  reached  in  their  experi- 
ments, both  because  they  would  have  had  great 
difficulty  in  making  a  vessel  to  stand  such 
pressures,  and  because  charges  of  such  density 
would  not  readily  be  placed  in  the  vessels. 
The  highest  pressure  actually  recorded  with  a 
density  of  0.55  was  a  little  over  70  tons  on  the 
square  inch. 

If  a  charge  of  gunpowder  be  placed  in  the 
chamber  of  a  gun,  the  gravimetric  density 

I  of  the  charge  being  unity,  and  if  it  be  com- 
pletely exploded  before  the  shot  be  allowed  to 
move,  the  state  of  things  immediately  prior  to 
the  shot  being  permitted  to  move  in  the  powder 
chamber,  roughly  speaking,  is  as  follows :  The 
products  of  explosion  are  divided  into  two 
classes  of  substances,  about  two-fifths,  by 
weight,  of  the  powder  being  in  the  fomi  of 
permanent  gases,  and  three-fifths  solid  matter, 
the  solid  matter  being  perfectly  liquid  at  the 
moment  of  explosion  and  in  an  extremely  fine 
state  of  division.     By  the  combustion  is  gener- 

!  ated  some  730  units  of  heat.  The  temperature 
of  the  explosion  is  about  2,200  deg.  Cent.,  or 
about  4,000  deg.  Fah.,  and  the  exploded  pow- 
der exercises  a  pressure  of  about  6,500  atmos- 
pheres, or  about  43  tons  per  square  inch,  against 
the  walls  of  the  chamber  and  against  the  pro- 
jectile. 

In  his  lecture  to  the  Institution  of  Civil  Engi- 
neers, on  "Heat  Action  of  Explosives, 
Captain  Noble  remarked  :  ' '  Twenty-five  years 
ago  our  most  powerful  piece  of  artillery  was  a 
68-pounder,  throwing  its  projectile  with  a  ve- 
locity of  1,570  ft.  per  second.  Now  the  weight 
of  our  guns  is  increased  from  5  tons  to  100, 
the  projectile  from  68  lbs.  to  2,000,  the  veloci- 
ties from  1,600  ft.   to   2.000,  the  energies  from 

I  1,100  foot-tons  to  over  52,000  foot-tons."    We 
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may  remark,  however,  that  it  is  only  about 
twenty  years  since  Mallet  urged,  amongst  other 
things,  the  use  of  a  mechanical  means  of  train- 
ing guns,  but  the  wisdom  of  the  then  Ordnance 
Committee  said  it  was  not  probable  that  larger 
guns  would  ever  be  used  than  were  then  em- 
ployed, and  the  handspike  was  all  that  was 
necessary.  The  Woolwich  authorities,  how- 
ever, afterwards  used  Mallet's  invention,  and 
paid  nothing  for  it. 

The  Kunstadtee  Soeew. — The  report  by  the 
board  of  engineers  appointed  by  the  Sec- 
retary of  the  Navy  of  the  United  States  on  the 
working  of  this  screw,  the  principles  of  which 
have  been  explained  in  these  columns  on  a 
former  occasion,  contains  several  valuable 
features,  the  importance  of  which  should  not 
be  lost  sight  of  by  naval  men.  It  is  pointed 
out  that  the  ability  of  a  steamer  furnished  with 
the  steering  and  propelling  screw  to  turn  in  a 
small  circle,  if  opposed  to  vessels  which  take 
longer  time  to  turn,  will  be  of  immense  im- 
portance in  the  naval  warfare  of  the  future,  and 
it  would  not  be  very  surprising  if  this  novel 
steering  apparatus  were  not  readily  applied  to 
their  navies  by  all  the  powers  having  a  preten- 
sion to  naval  preponderance.  This  increased 
movability  imparted  to  vessels  would  enable  a 
ship  provided  with  the  Kunstadter  screw,  if  not 
otherwise  inferior,  to  speedily  disable  a  vessel 
provided  only  with  the  ordinary  steering  ap- 
paratus. The  screw  would  permit  such  a  ves- 
sel to  ram  her  opponent,  or  to  escape  a  thrust 
aimed  at  her,  and  to  generally  choose  the  most 
favorable  positions.  She  would  outmanoeuvre 
the  enemy.  But  this  is  not  all.  In  line  of 
battle,  a  fleet  provided  with  Kunstadter  screws, 
being  more  easily  handled,  could  act  in  closer 
order,  and  thus  annihilate  the  enemy's  fleet  by 
a  concentrated  fire.  The  report  concludes  with 
the  following  remarks  :  ' '  We  do  not  consider 
a  vessel  perfectly  equipped  for  war  which  is 
only  provided  with  the  rudder  if  the  Kun- 
stadter steering  and  propelling  screw  could  be 
applied.  The  greater  safety  arising  from 
greater  movability  is  a  sufficient  reason  for  the 
introduction  of  the  apparatus  in  all  steamers, 
war  as  well  as  trading.  Many  collisions  would 
thereby  be  avoided;  much  time  and  anxiety 
saved  in  handling  a  vessel  in  a  narrow  chan- 
nel." 

rr^ he  following  figures  concerning  the  Great 
J_  Eastern  and  the  Ark  are  of  interest. 
Somebody  is  comparing  the  size  and  cost  of 
the  Great  Eastern  and  Noah's  Ark.  The  cost 
of  building  and  launching  the  Great  Eastern 
was  $3,650,000,  and  this  broke  the  original 
company.  A  new  company  was  formed,  which 
spent  $300,000  in  fitting  and  furnishing  her. 
Then  this  company  failed,  and  a  new  company 
was  organized,  with  a  capital  of  $500,000.  At 
the  close  of  1880  this  company  sunk  £86,715 
upon  the  vessel,  thus  making  her  total  cost 
$4,703,575.  Nothing  ever  built  can  stand  com- 
parison with  the  Great  Eastern,  excepting 
Noah's  Ark,  and  even  this  vessel  could  not 
match  her.  The  length  of  the  ark  was  300 
cubits,  her  breadth  50  cubits,  and  her  height  30 
cubits.  The  cubit  of  the  Scriptures,  according 
to  Bishop  Wilkins,  was  21T6jfD  in.,  and  computed 


to  English  measurement  the  Ark  was  547  feet 
long,  91  feet  beam,  54T^  feet  depth,  and  21,762 
tons.  The  Great  Eastern  is  680  feet  long,  83 
feet  beam,  56  feet  depth,  and  28,093  tons  meas- 
urement. So  Noah's  Ark  is  quite  overshadowed 
by  the  Great  Eastern. 
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motive Engines.  By  William  Stroudley,  M. 
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No.  2,088.— Machinery  for  the  Manufacture 
of  Nitrate  of  Soda.  By  Robert  Harvey,  Assoc 
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No.  2,092  —Erection  of  a  Howe  Truss  Bridge 
on  the  Canadian  Pacific  Railway.  By  Charles 
Anthony  Stocos,  Assoc.  M.  I.  C.  E. 
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Stevenson,  M.  Inst.  C.  E. 

Abstracts  of  Papers  in  Foreign  Trans- 
actions and  Periodicals. 

MONOGEAPHS  OF  THE  UNITED  STATES  GEO- 
LOGICAL Suevey : 

Vol.  VI. — Contributions  to  the  Knowledge 
of  the  Older  Mesozoic  Flora  of  Virginia.  By 
William  Moeeis  Fontaine. 

Vol.  VIII. — Paleontology  of  the  Eureka  Dis- 
trict. By  Chaeles  Doolittle  Walcott.  Wash- 
ington :  Government  Printing  Office. 

These  volumes  are  invaluable  to  the  students 
of  Geology,  affording,  as  they  do,  accurate  de- 
scriptions of  characteristic  fossils.  The  typog- 
raphy and  plates  of  these  books  may  be  re- 
garded with  pride  by  Americans. 

Vol.  VI.  contains  fifty  large  plates  of  fossil 
plants,  and  Vol.  VIII.  is  embellished  with 
twenty-four  plates  of  paleozoic  fauna,  mostly 
mollusca. 

A  Guide  to  Sanitaet  House-Inspection  ;  oe 
Hints  and  Helps  Regaeding  the  Choice 
of  a  Healthful  Home  in  City  oe  Countey. 
By  William  Paul  Geehaed,  C.  E.  New  York : 
John  Wiley  &  Sons. 

The  principal  aim  of  this  book,  as  the  au- 
thor states,  is  to  instruct  the  householder — to 
open  his  eyes  to  the  dangers  which  threaten 
him  if  he  allows  his  family  to  occupy  a  dwell- 
ing without  having  first  thoroughly  examined 
its  sanitary  condition,  its  stability  and  sound 
construction,  its  safety  from  fire,  and  its  means 
of  protection  against  the  elements.  The  book 
is  a  guide  in  the  search  for  defects  within,  as 
j  well  as  around  and  about  the  house,  and,  as  the 
chief  points  to  be  looked  after  in  such  an  in- 
spection, the  author  discusses  the  surroundings 
of  the  house,  its  site,  location,  aspect,  and  the 
character  of  the  soil;  the  house  foundations, 
walls,  cellar,  and  yard;  structural  details — 
such  as  walls,   roofs,  windows,  floors,  stairs, 
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etc. ;  the  heating  apparatus,  the  water  service, 
the  sewerage  and  plumbing,  the  gas-lighting, 
ventilation,  garbage  disposal,  and  disposal  of 
household  wastes. 

The  hints  given  refer  not  only  to  city  houses, 
but  also  to  apartment  houses,  tenements,  sub- 
urban and  country  houses,  summer  hotels  and 
boarding  houses.  The  evils  due  to  skin  build- 
ing are  clearly  and  vividly  pointed  out,  and,  in 
contrast  to  such  health-endangering  structures, 
the  essentials  of  a  healthful  house  in  city  or 
country  are  briefly  stated. 

This  short  enumeration  of  the  contents  will 
be  sufficient  to  show  that  although  the  book  is 
written  primarily  for  laymen,  in  a  language  free 
from  technical  terms,  it  will  also  be  useful  and 
interesting  to  architects,  civil  engineers,  build- 
ers, health  officers,  sanitary  inspectors,  and 
family  physicians. 

Foueth  Annual  Repoet  of  the  United 
States  Geological  Suevey,  1882-83.  By 
J.  W.  Powell,  Director.  Washington :  Gov- 
ernment Printing  Office. 

The  accompanying  papers  of  this  report 
are : 

Hawaiian  Volcanoes.  By  Capt.  C.  E.  Dut- 
ton. 

The  Mining  Geology  of  the  Eureka  District. 
By  J.  S.  Curtis. 

Popular  Fallacies  Regarding  the  Precious- 
Metal  Ore  Deposits.     By  Albert  Williams,  Jr. 

A  Review  of  the  Fossil  Ostradae  of  North 
America.    By  Dr.  Charles  A.  White. 

A  Geological  Reconnoissance  in  Southern 
Oregon.     By  Israel  C.  Russell. 

Manual  of  Geology.    By  John  Phillips, 
LL.D.,  F.  R.  S. 

Part  II. — Statigraphical  Geology  and  Paleon- 
tologv.  By  RobebtEtheeidge,F.  R.  S.  Lon- 
don :  Charles  Griffen  &  Co. 

Only  the  plan  of  the  original  Phillips  Manual 
of  1855  is  retained  in  this  new  edition ;  the 
text  has  been  almost  entirely  rewritten. 

It  is  now  a  complete  and  late  treatise  on  Ge- 
ology. 

The  plates  are  upon  tinted  paper,  and  dis- 
tributed throughout  the  book. 

Of  course,  the  work  is  of  more  interest  to 
European  than  to  American  students,  but  sci- 
entific libraries  are   incomplete  in  the  depart-  j 
ment  of  geology  without  Phillips'  Manual. 


Select  Plans  of  Engineeeing  Steuctuees 
foe  Raileoads  and  Highways.  By  RlCH- 
abd  B.  Osboene,  C.  E.  Philadelphia :  Rich- 
ard Osborne  &  Son. 

This  collection  of  plans  will  be  found  of 
great  convenience  to  engineers  in  charge  of 
highway  or  railway  construction.  The  details 
are  given  with  such  a  degree  of  minuteness  as 
practically  to  afford  working  plans  and  esti- 
mates. 

The  first  volume — the  only  one  as  yet  pub- 
lished— is  devoted  mostly  to  masonry  struc- 
tures. It  is  proposed  to  publish  a  second  vol- 
ume containing  similar  plans,  and,  subsequent- 
ly, two  other  volumes,  exhibiting  plans  and  de- 
tails of  framed  bridges  and  roofs. 

Such  works  are  important  aids  to  the  younger 
members  of  the  engineering  profession,  as  they 
afford  an  opportunity  to  compare  detail  plans 
with  the  actual  finished  structure. 


A  Text-Book  of  the  Mateeials  of    Con- 
struction.    By  Robeet  H.  Thueston., 
M.  A.     New  York :  John  Wiley  &  Sons. 

This  is  an  abridgment  of  the  author's  three- 
volume  treatise  on  "Materials of  Engineering." 
The  present  volume  retains  all  that  relates  to 
the  origin,  nature,  method  of  preparation,  and 
common  physical  properties  of  the  so-called 
useful  metals,  and  deals  especially  with  those 
qualities  which  the  engineer  deems  essential. 

The  chapters  on  the  reduction  of  the  ores  of  \ 
the  common  metals  are  largely  retained,  as  are,  i 
also,  the  portions  relating  to  alloys. 

In  short,  a  serviceable  text-bbok  has  been  ' 
constructed  from   the    valuable   collection    of 
data  in  the  larger  treatise,  without  impairing 
its  value  for  class-room  uses. 


MISCELLANEOUS. 

In  a  lecture  to  the  Institution  of  Civil  Engineers, 
on  "Heat  Action  of  Explosives,"  Captain 
Noble  remarked  : — ' '  Helmholz  has  given  an 
estimate  somewhere  of  the  heat  that  would  be 
developed  if  our  earth  were  suddenly  brought 
to  rest,  but  if,  looking  at  our  earth  in  an  artil- 
lery point  of  view,  we  considered  our  earth  as 
an  enormous  projectile,  and  if  we  supposed, 
further,  that  we  could  utilize  the  whole  energy 
stored  up  in  gunpowder,  we  should  yet  require 
a  charge  150  times  greater  than  its  own  weight, 
or  900  times  greater  than  its  volume,  to  com- 
municate to  the  earth  her  motion  in  her  orbit." 

It  is  stated  of  the  new  metal  gallium  that, 
with  the  exception  of  mercury,  which  only 
becomes  solid  at  37.9  deg.  Fahr.,  there  is  no 
other  element  which  liquefies  at  so  low  a  temper- 
ature. It  melts  at  81.1  deg.  Fahr.,  so  that  it 
liquefies  when  held  in  the  hand.  The  metal  is 
hard  and  resistant,  even  to  a  few  degrees  below 
the  melting  point.  It  can  be  cut,  and  possesses 
a  slight  malleability.  When  fused,  it  adheres 
easily  to  glass  on  which  it  forms  a  beautiful 
mirror,  whiter  than  that  produced  by  mercury. 
It  oxidizes  but  very  superficially  when  heated 
to  redness  in  the  air,  and  does  not  become  vola- 
tile. Unlike  lead,  it  acquires  only  a  very  slight 
tarnish  on  exposure  to  moist  air.  Its  specific 
gravity  is  a  little  under  6,  that  of  aluminum 
being  2.6,  that  of  zinc,  7.1,  and  that  of  lead, 
11.4.  Unlike  lead,  again,  gallium  is  a  highly 
crystalline  metal,  its  form  being  that  of  a  square 
octahedron.  In  its  chemical  characteristics, 
the  rare  element  gallium  shows  the  greatest 
analogy  to  the  abundant  element  aluminum. 

The  United  Service  Gazette  says :— Colonel 
Thackeray,  the  commandant  of  the  Ben- 
gal Sappers  and  Miners,  is  taking  a  step  which 
will  result  in  the  formation  within  the  corps  of 
small  bodies  of  men,  each  thoroughly  qualified 
to  perform  well  one  or  the  other  of  the  opera- 
tions in  engineering  which  the  corps  may  be 
called  upon  to  accomplish,  and  of  which  at 
present  the  men  can  have  but  a  vague  and  im- 
perfect idea.  One  of  the  companies  of  the  corps 
is  to  be  set  apart  solely  for  providing  trained 
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men  to  supply  technical  work  in  the  field.  The 
company  will  be  formed  of  picked  men  from 
the  entire  corps,  the  most  efficient  men  in  each 
branch  of  sapper  work  being  drafted  into  it.  It 
will  be  subdivided  into  seven  squads,  each  with 
a  complement  of  European  non-commissioned 
officers  and  native  commissioned  officers.  The 
squads  will  be  for  torpedo,  telegraph,  printing, 
lithography,  photography,  pontooning,  and 
company  duty  respectively.  Each  unit  of  the 
company  will  thus  be  complete  in  itself. 

Me.  C.  C.  Hine,  editor  of  the  Monitor,  re- 
lates the  following  : — "  The  Institute  of 
Technology,  at  Boston,  long  ago  decided  upon 
the  danger  of  steam  pipes  passing  through  and 
in  contact  with  wood.  It  was  shown  that  the 
wood,  by  being  constantly  heated,  assumes  the 
condition,  to  a  greater  or  less  degree,  of  fine 
charcoal,  a  condition  highly  favorable  to  spon- 
taneous combustion.  Steam  was  generated  in 
an  ordinary  boiler,  and  was  conveyed  there- 
from in  pipes  which  passed  through  a  furnace, 
and  thence  into  retorts  for  the  purpose  of  dis- 
tilling petroleum.  Here  the  pipes  formed  ex- 
tensive coils,  and  then  passed  out,  terminating 
at  a  valve  outside  the  building.  To  prevent 
the  steam  when  blown  off  from  disintegrating 
the  mortar  in  an  opposite  wall,  some  boards 
were  set  up  to  receive  the  force  of  the  discharge, 
and  as  often  as  the  superheated  steam  was 
blown  the  boards  were  set  on  fire." 

The  deepest  boring  yet  made  is  at  the  village 
of  Schladebach,  near  the  line  between 
Leipzig  and  Corbetha.  It  has  been  made  by 
the  Prussian  Government  to  test  for  the  pres- 
ence of  coal,  and  was  bored  with  diamond 
drills.  Its  depth  is  1390  meters— 4560  ft.— its 
breadth  at  the  bottom  2  in.,  and  at  the  top  11 
in.  It  has  occupied  3^  years  to  bore,  and  cost 
a  little  over  £5,000.  The  temperature  at  the 
bottom  is  118  deg.  Fahr. 

In  some  tests  made  with  small  squares  of 
various  woods  buried  1  in.  in  the  ground, 
the  following  results,  says  the  Garden,  were 
noted: — Birch  and  aspen  decayed  in  three 
years ;  willow  and  horse-chestnut  in  four  years ; 
maple  and  red  beech  in  five  years;  elm,  ash, 
hornbeam,  and  Lombardy  poplar,  in  seven 
years ;  oak,  Scotch  fir,  Weymouth  pine,  and 
silver  fir  decayed  to  a  depth  of  |-in.  in  seven 
years ;  larch,  Juniper,  and  arbor- vitas  were  un- 
injured at  the  expiration  of  the  seven  years. 

Telpheeage. — The  first  line  for  the  convey- 
ance of  goods  by  the  electrical  system  in- 
vented by  the  late  Professor  Fleeming  Jenkin, 
and  entitled  "  Telpherage,"  was  formally 
opened  at  Glynde,  near  Lewes,  in  October 
The  system  was  fully  described  in  a  paper  read 
before  the  Society  by  the  inventor  on  May  14th, 
1884,  but  the  details  have  been  somewhat  modi- 
fied since  that  date.  The  line  is  a  double  one, 
nearly  a  mile  in  length,  and  is  composed  of  two 
sets  of  steel  rods,  three-quarters  of  an  inch  in 
diameter,  supported  on  wooden  posts  of  T- 
shape,  and  about  18  ft.  high.  The  wires  are 
supported  one  on  either  end  of  the  cross-piece 
of  the  T,  which  is  8  ft.  long.  The  carriers,  or 
skips,  as  they  are  technically  termed,  are  iron) 
trough-shaped  buckets,  each  holding  about  2 


cwt.,  and  suspended  from  the  line  by  a  light 
iron  frame,  at  the  upper  end  of  which  is  a  pair 
of  grooved  wheels  running  on  the  line  of  rods. 
A  train  is  made  up  of  ten  of  these  skips,  which 
are  in  electrical  connection  with  each  other, 
and  with  an  electrical  motor  which  is  placed 
in  the  middle  of  the  train,  having  five  skips  in 
front  of  and  five  behind  it.  At  a  point  about 
midway  of  the  length  of  the  line  is  the  engine- 
house,  in  which  is  a  steam  engine  which  drives 
the  dynamos.  From  these  latter  the  current  is 
led  to  the  line,  and  thus  to  the  electrical  motor 
which  moves  the  train.  The  use  to  which  the 
line  is  put,  is  to  carry  clay  from  a  pit  to  the 
Glynde  railway  siding,  whence  it  is  delivered 
into  trucks,  and  transported  by  rail  to  the 
works  of  the  Newhaven  Cement  Company.  At 
the  charging  end  of  the  telpher  line  the  skips 
are  loaded  each  with  about  2  cwt.  of  clay,  the 
train  thus  carrying  one  ton.  A  laborer,  by 
touching  a  key,  starts  the  train,  which  travels 
at  a  speed  of  from  four  to  five  miles  an  hour 
along  the  overhead  line  to  the  Glynde  Station. 
Arrived  there,  another  laborer  upsets  each  skip 
as  it  passes  over  a  railway  truck,  into  which 
the  clay  is  thus  loaded.  This  upsetting,  how- 
ever, is  eventually  to  be  performed  automati- 
cally by  means  of  a  lever  on  each  skip,  which 
will  come  in  contact  with  a  projecting  arm  as 
it  passes  over  the  truck. — Journal  of  the  Society 
of  Arts. 

Foe  testing  the  quality  of  the  leather  used 
for  belting,  M.  Eitner  proposes,  in  the  Re- 
vue Industrielle,  the  following  simple  method : 
A  small  piece  is  cut  out  of  the  belt  and  placed 
in  vinegar.  If  the  leather  has  been  perfectly 
tanned,  and  is  therefore  of  good  quality,  it 
will  remain  immersed  in  the  vinegar,  even  for 
several  months,  without  any  other  change  than 
becoming  of  a  little  darker  color.  If,  on  the 
contrary,  it  is  not  well  impregnated  with  tannin, 
the  fibers  will  promptly  swell,  and,  after  a  short 
time,  become  converted  into  a  gelatinous  mass. 

The  deep  boring  being  sunk  by  the  German 
Government  near  Schladebach,  with  the 
object,  especially,  of  obtaining  trustworthy 
data  concerning  the  rate  of  increase  of  the 
earth's  temperature  toward  the  interior,  has  at 
present  given  information  corroborative  of  what 
has  been  obtained  elsewhere.  At  the  begin- 
ning of  this  year  the  bore  had  reached  the 
depth  of  1,392  meters,  which  is  believed  to  be 
the  lowest  yet  reached.  The  temperature  at 
successive  stages  is  ascertained  by  a  special 
thermometer,  the  principle  of  construction  be- 
ing that,  as  the  heat  increases  the  mercury  will 
expand  so  as  to  flow  over  the  lip  of  an  open 
tube.  The  difference  of  the  overflows  will  give 
the  rate  of  increase  of  the  temperature.  It  has 
been  ascertained  that  the  temperature  at  the 
depth  of  1,392  meters  was  49  deg.  Cent.,  or  120 
deg.  Fah.  If  the  temperature  increases  regu- 
larly at  this  rate,  the  boiling  point  of  water 
ought  to  be  reached  at  a  depth  of  3,000  meters, 
or  nearly  two  miles,  and  at  45  miles  we  should 
find  the  heat  at  which  platinum  melts.  This 
would  go  to  show  that  the  rigid  earth's  crust 
cannot  be  more  than  about  one-ninetieth  of  its 
radius ;  but  the  rate  of  increase  is  very  differ- 
ent in  different  districts. 
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tain the  best  results  is  still  an  open  one.  To  the  importance  of  this  question  the 
attention  of  American  students  has  not  been  hitherto  sufficiently  awakened.  This 
treatise  will  be  found  a  vuluable  stimulus  to  those  who  aspire  to  the  performance  of 
good  work  in  Surveying,  Astronomy,  or  Physics.''' 
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"The  work  commences  by  a  discussion  of  the  various  causes  of  error,  and 
several  practical  hints  are  given  as  to  how  to  diminish  them.  .  .  In  the  second 
-chapter  the  law  of  error  is  stated,  and  the  method  of  least  squares  is  deduced 
therefrom,  together  with  formulae  for  calculating  the  probable  error,  &c.  This 
chapter  is  concluded  by  a  most  instructive  discussion  on  the  laws  of  error,  based 
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"  An  excellent  feature  in  the  work  is  the  illustration  of  the  text  by  means  of 
examples,  embracing  almost  every  possible  case  that  occurs  in  practice.  Some  of 
these  examples  are  fully  worked  out,  others  are  proposed  as  exercises.  Most  of 
them  are  derived  from  geodetic  work  carried  out  in  the  United  States.  In  conclu- 
sion we  can  strongly  recommend  this  book." 
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commutator — Ammeter  —  Commutator — Voltmeter — Am- 
meter and  Voltmeter  without  commutator- -Ammeter  and 
Voltmeter  with  springs — Ammeter  and  Voltmeter  with 
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HEARTS. 

"  There  are  two  hearts,  called  right  and  left. 
Each  heart  is  composed  of  two  parts ;  an  auricle 
above,  and  a  ventricle  below. 

"  The  use  of  the  hearts  is,  by  contracting  and 
dilating,  to  receive  and  throw  out  the  blood 
and  assist  in  keeping  it  in  motion.  (Their  util- 
ity may  be  judged  by  comparing  the  amount 
they  throw  out  and  the  number  of  their  beats 
per  minute.  The  number  of  beats  varies  ac- 
cording to  the  constitution,  the  age,  the  sex, 
the  health,  the  exercise  taken  and  the  wants  of 
the  system  in  any  respect,  the  position  of  the 
body,  etc.  There  is  so  much  variation  in  cases 
of  healthy  people  in  the  same  circumstances, 
that  there  should  be  no  alarm  if  the  heart  beat 
uniformly  slower  or  faster  by  much  than  the 
average) 

' '  The  average  beat  in  case  of  healthy  men  at 
maturity,  is  seventy-five  per  minute ;  in  women, 
eighty,  in  this  country,  as  shown  by  many  ex- 
periments. From  one  to  three  ounces  of  blood 
are  thrown  out  at  each  beat  or  pulsation.  Say 
one  ounce  only,  and  that  the  heart  beats  but 
sixty-four  times  per  minute,  and  the  result  will 
be  sixty-four  ounces  or  four  pounds  per  minute 
— two  hundred  and  forty  per  hour  ;  about  the 
same  as  two  hundred  and  forty  pints,  or  about 
a  barrel.  This  labor  is  also  accomplished  by 
each  heart.  The  blood  is,  therefore,  coursing 
along  with  unthought-of  rapidity,  and  will  run 
the  circuit  of  the  system  in  an  almost  incredi- 
bly short  space  of  time.  All  this  blood  is  ex- 
posed to  the  action  of  the  air  in  the  lungs  every 
moment,  that  it  may  be  purified,  and,  what  is 
still  more  essential,  may  cause  the  production  of 
heat.  In  coursing  through  every  part  of  the  sys- 
tem, it  bestows  upon  it  life-giving  nourishment 
and  heat.  The  importance  of  the  heart's  action  is 
very  great,  and  little  do  the  thoughtless  dream 
of  the  tremendous  amount  of  blood  which  is 
rushing  through  the  system,  driven  along  by 
the  impetuous  contractions  of  the  heart,  which 
all  the  life  long  beats  on,  day  and  night,  sum- 
mer and  winter,  without  ceasing  for  an  instant, 
but  always  in  health,  in  precise  accordance 
with  the  wants  of  the  system,  and  without  a 
moment's  thought  or  trouble  or  even  producing 
the  least  fatigue. 

"  The  heart  must  be  influenced  to  beat  by 
means  of  the  nervous  system,  and  the  connec- 
tion between  it  and  the  heart  must  be  very 
intimate,  and  whatever  affects  it  must  show 
itself  by  altering  the  beats  of  the  heart.  Any 
disease  of  the  system  will  show  itself  in  the 
action  of  the  heart,  which  may  be  determined 


by  feeling  the  pulse.  The  heart  may  beat  very 
violently  without  any  disease  of  the  heart  exist- 
ing. Hence,  the  doctors  feel  the  pulse,  not  so 
much  to  know  the  number  of  the  beats  of  the 
heart,  as  the  state  of  the  nervous  system  that 
causes  the  beats  of  the  heart,  and  many  of  the 
states  of  the  health  that  other  parts  will  exhibit. 
Hence,  dyspepsia  will  produce  palpitations  of 
the  heart ;  diseases  of  the  lungs,  the  liver  and 
the  brain  will  do  the  same.  States  of  the  mind 
will  act  through  the  nervous  system  on  the 
heart,  etc." 

The  above  is  the  teaching  of  the  best  physi- 
ologists as  to  the  heart,  and  little  can  be  added 
to  or  taken  away  from  it,  to  give  a  clear  under- 
standing of  what  the  heart  is  and  what  it  does. 

We  give  a  few  statements  by  patients  as  illus- 
trating the  effect  of  Compound  Oxygen  upon 
the  heart : 

From  a  young  lady  of  Lynchburgh,  Va.: — 
"  Recover}'  has  been  remarkable.  Action  of 
heart  is  quiet  and  soft." 

From  a  patient  in  Phillipsburgh,  Pa.: — "I 
feel  none  of  my  former  symptoms  of  pain  in  the 
breast  or  fluttering  around  the  heart." 

A  patient  at  Mount  Ross,  N.  Y.,  writes: — 
"My  circulation  is  good.  I  do  not  notice  any 
variation,  as  I  formerly  did.  It  is  steady  and 
regular." 

From  a  lady  of  Fredonia,  Ohio: — "Your 
Treatment  has  done  wonders  for  me.  Have 
very  little  heart  difficulty  or  trouble  in  breath- 
ing, and  really  feel  in  many  respects  like  a  new 
being." 

From  a  patient  at  South  Haven,  Michigan : — 
' '  The  action  of  the  heart  was  also  greatly  dis- 
turbed, accompanied  by  a  dull,  heavy  pain. 
Both  of  these  troubles  ceased  at  once  and 
effectually,  as  they  have  never  troubled  me 
since  the  first  inhalation  (two  years  ago)." 

The  curiosity  as  to  what  Compound  Oxygen 
is,  may  be  gratified  by  any  one  who  will  take 
the  trouble  to  write  a  postal  card  or  letter  of 
request  to  Drs.  Starkey  and  Palen,  at  1529  Arch 
street,  Philadelphia.  They  publish  a  brochure 
of  nearly  two  hundred  pages, entitled,  Compound 
Oxygen — Its  Mode  of  Action  and  Results ;  also 
monographs  on  asthma,  catarrh,  consumption, 
dyspepsia,  hay  fever,  neuralgia,  rheumatism, 
etc.;  also,  once  a  quarter  they  issue  Health  and 
Life,  a  record  of  cures  of  patients,  made  by  the 
patients  themselves.  This  publication  has  been 
issued  every  quarter  for  six  years,  and  is  a  com- 
plete answer  to  all  questions  as  to  the  virtues  of 
Compound  Oxygen.  All  this  literature,  or  any 
part  of  it,  will  be  sent  postpaid,  freely  to  any 
address,  on  application- 
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EXTRACT     FROM     PREFACE. 

In  searching  for  a  text-book  on  this  subject,  for  the  use  of  our  classes  of  Mechanical  Engineering 
students,  we  were  unable  to  find  a  book  which  met  our  requirements.  Some  were  so  vague  and  incom- 
plete as  to  be  almost  useless,  while  others  were  large>  exhaustive  treatises,  more  valuable  as  books  of 
reference  than  as  text-books  for  the  use  of  students.  The  following  pages  were  therefore  prepared  in 
the  form  of  lectures  ;  the  object  being,  to  give  a  clear  description  of  those  mechanical  movements 
which  may  be  of  practical  use,  together  with  the  discussion  of  the  principles  upon  which  they  depend. 
At  the  same  time,  all  purely  theoretical  discussions  were  avoided,  except  where  a  direct  practical  result 
could  be  reached  by  their  introduction.  These  lectures  were  used  in  our  classes  ;  and,  having  proved 
comparatively  satisfactory  in  that  shape,  it  was  thought  best  to  publish  them,  after  making  such  im- 
provements as  our  class-room  experience  dictated.  .  .  .  Our  claim  to  consideration  is  based  almost 
entirely  on  the  manner  in  which  the  subject  has  been  presented.  Accuracy,  clearness,  and  conciseness 
are  the  points  that  we  have  tried  to  keep  constantly  in  view.  While  much  has  been  omitted  that  is  of 
a  merely  abstract  interest,  yet  it  is  believed  that  nearly  all  that  is  of  direct  practical  importance  will 
be  found  in  these  pages. 
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ILLS  OF  CHILDREN 


The  July  Health  and  Life  contained  a  very 
interesting  statement,  by  Mrs.  M.  J.  French,  of 
Ludington,  Mich.,  of  the  treatment  of  her  child 
for  "  diphtheria "  with  "Compound  Oxygen." 
Mothers  everywhere  are  finding  it  an  aid  to 
them  in  many  ways,  and  are  enthusiastic  in 
their  praise  of  this  simple  and  pleasant  remedy. 

A  mother,  writing  from  Italy  Hill,  N.  Y.,  says : 

"  I  believe  I  never  told  you  that  /  gave  it  to 
my  tico  children,  who  had  always  been  very 
slender,  and  have  never  had  to  call  in  a  doctor 
for  them  since.     They  are  both  healthy  now.'''' 


A  gentleman  of  Brooklyn,  N.  Y.,  gives  a  very 
interesting  unsolicited  testimonial.  Many  such 
letters  give  gratifying  proof  of  the  high  value 
of  the  Compound  Oxygen  in  families : 

"Brooklyn,  N.  Y.,  Sept.  29,  1885. 

"Des.  Staeket  and  Palen — Gentlemen: — 
About  four  years  ago  my  son,  about  ten  years 
old,  had  suffered  a  relapse  after  an  attack  of 
gastric  difficulty  that  seriously  reduced  his 
strength,  so  that  we  were  somewhat  alarmed 
for  his  general  health,  as  there  had  alway  been 
a  tendency  to  take  cold  "on  slight  provoca- 
tion," when  an  intermittent  fever  set  in  that 
seemed  to  defy  our  efforts.  We  began  using 
"Compound  Oxygen,"  and  were  surprised  as 
well  as  gratified  with  the  rapid  improvement 
that  followed.  Within  three  weeks  all  signs  of 
the  old  troubles  had  left  the  boy.  His  appetite 
improved,  he  gained  flesh,  and  was  well  again. 
On  several  occasions  we  found  that  a  return  to 
"Compound  Oxygen"  checked  any  new  attack 
of  cough  or  bronchitis,  and  kept  him  up  I 

"My  wife  also  has  had  occasion  to  try  the 
"  Compound  Oxygen  "  for  chills  and  coughs,  to 
which  she  has  been  subject,  and  never  has  failed 
to  get  relief,  followed  by  cure  with  repeated 
applications. 

"  In  fact,  all  of  us  have  found  benefit  in  the 
use  of  your  inhaler  in  cases  of  colds,  coughs, 
night-sweating,  debility,  etc.,  though  I  cannot 
say  we  had  a  case  of  chronic  disease  to  treat. 
But  we  value  the  "Home  Treatment"  highly 
as  a  certain  relief  in  all  cases  of  catarrhal  or 
bronchial  trouble,  or  nervousness,  and  have  no 
hesitation  in  recommending  its  use  to  any  who 
require  a  healing  tonic.     Yours  truly, 

"J.  E.  Chapin, 

"414  Quince  St.,  Brooklyn,  N.  Y." 

Mr.  Lewis  S.  Patterson,  of  Roxbury,  N.  Y., 
writes  the  following,  with  liberty  to  print : 

"From  infancy  I  had  been  a  great  sufferer 
from  asthma.  The  slightest  exposure  or  change 
in  the  weather  would  bring  it  on,  and  the  par- 
oxysms would  last  four  or  five  days,  and  some- 
times come  on  every  week  for  months  in  suc- 
cession. I  was  very  much  emaciated,  and  my 
shoulders  were  drawn  forward  until  I  looked 
like  a  natural  hunchback.  Four  years  ago  next 
month  (August),  when  in  this  terrible  condi- 


tion, and  while  suffering  beyond  words  to  ex- 
press, unable  to  lie  in  bed  by  day  or  night,  my 
kind  friend,  Mrs.  Cator,  brought  me  the  Oxygen 
and  instructed  me  in  the  use  of  it.  At  first  I 
could  inhale  but  a  short  puff  or  two  at  a  time, 
and  Mrs.  Cator  suggested  that  I  should  use  it 
several  times  during  the  paroxysm.  I  did  so, 
and  in  twenty-four  hours  I  was  greatly  relieved, 
and  have  never  since  then  had  so  severe  an 
attack.  I  continued  the  inhalations  daily,  ac- 
cording to  the  directions,  and  in  two  months 
gained  twelve  pounds  in  weight.  I  was  then 
fourteen  years  of  age.  I  used  two  Treatments 
and  thought  I  was  cured ;  but  last  October  had 
a  slight  attack  again.  I  immediately  sent  for 
another  Treatment,  and  after  using  it  a  few 
days,  found  the  asthma  symptoms  had  all  dis- 
appeared, and  I  hope  they  will  never  return.  I 
am  now,  thanks  to  the  Oxygen  Treatment, 
nearly  as  straight  as  anyone,  and  wish  I  could 
tell  every  asthma  sufferer  the  good  Compound 
Oxygen  has  done  me.  You  can  abridge  this 
and  use  it  in  any  way  you  choose. 
"To  Drs.  Starkey  &  Palen, 

"1629  Arch  St.,  Philadelphia." 


COMPOUND    OXYGEN   LITERATURE, 


We  give  herewith  a  part,  only,  of  the  cures 
of  asthma,  colds  and  coughs,  catarrh,  consump- 
tion, dyspepsia,  etc.,  of  which  patients  have 
written  us.  We  have  very  much  more  material 
than  we  can  use.  But  these  are  a  fair  sample 
of  the  statements  of  grateful  appreciation  by 
the  patrons  of  Compound  Oxygen.  They  have 
tried  and  proved  it,  and  now  tell  the  story  that 
we  may  refer  to  their  cases  to  inspire  others 
with  the  hope  that  they  also  may  find  relief  by 
the  same  means.  We  print  few  names  in 
Health  and  Life,  none  without  permission, 
and  we  repeat  our  offer  to  send  to  any  address 
additional  evidence  of  the  value  of  the  Treat- 
ment. We  publish  monographs  on  asthma, 
catarrh,  hay  fever,  consumption,  dyspepsia, 
neuralgia,  rheumatism,  also,  on  Oxygen  as  a 
revitalizing  agent,  besides  a  monograph  of 
special  interest  to  men,  and  another  of  interest 
only  to  females.  All  these,  except  the  last  two, 
have  letters  by  patients  over  their  signatures. 
We  also  publish  "the  right  sort  of  a  jury," 
consisting  of  twelve  statements  by  cured  pa- 
tients, three  of  whom  are  judges,  three  editors, 
three  well-known  ladies,  and  three  prominent 
business  men,  also  a  brochure  of  nearly  two 
hundred  pages,  "What  Oxygen  Is— Its  Mode 
of  Action  and  Results."  These  will  be  sent 
free,  with  postage  paid,  to  any  address  on  ap- 
plication, so  that  anyone  who  desires  the  fullest 
evidence  can  have  it  for  the  asking.  We 
are  glad  to  furnish  it  to  all  who  apply.— From 
Health  and  Life,  October,  1885. 
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EXTRACT     FROM     PREFACE. 

In  searching  for  a  text-book  on  this  subject,  for  the  use  of  our  classes  of  Mechanical  Engineering 
students,  we  were  unable  to  find  a  book  which  met  our  requirements.  Some  were  so  vague  and  incom- 
plete as  to  be  almost  useless,  while  others  were  large,  exhaustive  treatises,  more  valuable  as  books  of 
reference  than  as  text-books  for  the  use  of  students.  The  following  pages  were  therefore  prepared  in 
the  form  of  lectures  ;  the  object  being,  to  give  a  clear  description  of  those  mechanical  movements 
which  may  be  of  practical  use,  together  with  the  discussion  of  the  principles  upon  which  they  depend. 
At  the  same  time,  all  purely  theoretical  discussions  were  avoided,  except  where  a  direct  practical  result 
could  be  reached  by  their  introduction.  These  lectures  were  used  in  our  classes  ;  and,  having  proved 
comparatively  satisfactory  in  that  shape,  it  was  thought  best  to  publish  them,  after  making  such  im- 
provements as  our  class-room  experience  dictated.  .  .  .  Our  claim  to  consideration  is  based  almost 
entirely  on  the  manner  in  which  the  subject  has  been  presented.  Accuracy,  clearness,  and  conciseness 
are  the  points  that  we  have  tried  to  keep  constantly  in  view.  While  much  has  been  omitted  that  is  of 
a  merely  abstract  interest,  yet  it  is  believed  that  nearly  all  that  is  of  direct  practical  importance  will 
be  found  in  these  pages.  
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